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ALBERT BENJAMIN PRESCOTT. 


Dr., ALBERT BENJAMIN PREscortT, di- 
rector of the chemical laboratory at the 
University of Michigan, died at his home in 
Ann Arbor, February 25, 1905. He was 
the senior member of the university faculty, 
and one of the veterans of American sci- 
ence. 

Dr. Prescott was born at Hastings, N. Y., 
December 12, 1832. Educated as a physi- 
cian, he took the degree of M.D. in 1864, 
and in that year and part of the year fol- 
lowing, he served as an assistant surgeon 
in the United States Volunteer Army. In 
1865 he became assistant professor of chem- 
istry in the University of Michigan; was 
made full professor of organic and applied 
chemistry in 1870; and was dean of the 
school of pharmacy since 1870; and from 
1884 to the day of his death, was director 
of the chemical laboratory. His whole pro- 
fessional life as a chemist was spent in the 
service of the university, as teacher, organ- 
izer, administrator and investigator dur- 
ing a period of forty years. 

In a career like that of Dr. Prescott there 
is nothing sensational or spectacular. It 
was a life of obvious duties, uniformly well 
done, with nothing slighted, and no stri- 
vings after public recognition. Recognition, 
nevertheless, came to him unsought, and he 
had the satisfaction of knowing that his 
work was appreciated. He became presi- 
dent of the American Chemical Society, the 
American Association for the Advancement 
of Science and the American Pharmaceut- 
ical Association ; honors as high as any that 
American scholarship ean confer. From 
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the University of Michigan in 1896 and 
from Northwestern University in 1903 he 
received the honorary degree of LL.D.; in 
1898 he was made a member of the Ameri- 
ean Philosophical Society; and in 1904 he 
presided over the section of organie chem- 
istry in the International Congress at St. 
Louis. The list of honors might be length- 
ened, but these examples are enough to 
show the esteem in which Dr. Preseott was 
held by those who knew him best and were 
most competent to appraise his merits. 

As a teacher Dr. Preseott was singularly 
successful, both in his personal relations 
with his students and as an organizer of 
reforms. He began his work at a time 
when lectures and recitations were com- 
monly thought to be adequate instruments 
for scientific teaching ; and when laboratory 
practice for students was a questionable 
novelty which only a few American schools 
had dared to try. From the beginning he 
took his stand on the side of modern 
methods, and organized his work along 
practical lines. The teaching of chemistry 
in schools of pharmacy and medicine was 
notably advaneed through his efforts; and 
given a significance which, in this country 
at least, it had not had before. In this 
respect Prescott was one of several leaders ; 
less conspicuous, perhaps, than some others, 
because of his modesty and quiet ways, but 
none the less potent and influential. He 
labored unpretentiously, but the results 
which he sought to accomplish were at- 
tained. The admirable organization of 
chemical work in the University of Mich- 
igan is the outcome of Prescott’s broad and 
liberal views. 

No man ean eseape the influences of his 
environment. The work that comes to him 
is the work that he must do. In Dr. Pres- 
eott’s case, the requirements of his position 
with respect to medicine and pharmacy, 
naturally foreed him into the study of or- 
ganie compounds, but not along the con- 


[N.S. Vor. XXI. No. 538. 


ventional lines. Theoretical problems oc- 
eupied little of his attention; but analytical] 
methods, especially in the domain of toxi- 
cology, and the investigation of proximate 
principles, such as the alkaloids, took a 
large part of his time. His researches upon 
the alkaloidal iodides, and upon the assay 
of opium, placed him easily first among 
American specialists in that class of stud- 
ies. His ‘Outlines of Proximate Organic 
Analyses,’ published in 1875, was the first 
text-book of its kind in the English lan- 
guage, and it brought him an extended 
reputation. In the same year he published 
a monograph upon ‘The Chemical Exami- 
nation of Alcoholic Liquors,’ which made 
him still more widely known. In 1888 he 
issued a ‘Manual of Organie Analysis,’ 
and he also contributed a fair amount to 
the general literature of analytical proc- 
esses. Douglas and Prescott’s ‘Qualitative 
Chemical Analysis’ has been a standard 
text-book for thirty years. 

Dr. Preseott’s position in a state uni- 
versity naturally brought him into public 
service in connection with sanitary affairs. 
The adulteration of food and the detection 
of foreign fats and coloring matters in 
butter were subjects to which he gave much 
attention, and in which he was of material 
assistance to the food commissioners of 
Michigan. Questions of water-supply and 
filtration were often submitted to his judg- 
ment, and in these ways his public useful- 
ness extended far beyond the limits of his 
state. Unfortunately, work of this kind 
brings little glory to a man, but its value 
must not be underestimated. It contrib- 
utes greatly to the publie welfare, and it 
ean be properly done only by one who is 
thoroughly faithful and _ conscientious. 
Such a man was Preseott, whose work was 
honest from beginning to end. 

Dr. Prescott early recognized the value 
of research as a means of education, and so 
his students often shared in his investiga- 
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‘ions. A perfect list of his contributions 
‘o chemistry has not, I think, been pre- 
pared; but it would be by no means a short 
oue. No brilliant or startling discovery 
‘ell to his lot, but then few chemists are so 
‘avored. A large volume of good work, 
well done, is all that most men can aspire 
and in that respect Dr. Prescott’s repu- 
tation is seeure. Those who knew him 
will think most of the man himself, rather 
than of his achievements. He was kindly, 
modest, sincere and lovable; and what bet- 
ter can be said of any one? 

Dr. Prescott was married to Abigail 
reeburn in 1866. His widow and one 
son survive him. 


F. W. CLARKE. 


THE USB OF COPPER IN THE PURIFICA- 
TION OF WATER SUPPLIES.* 

Dr. George T. Moors, physiologist and 
algologist, Bureau of Plant Industry, said: 
Probably the best way in which to present 
the question of the use of copper salts in 
the purification of water supplies, is to give 
briefly a history of the subject, outlining 
in a general way how the method came to 
he used, and some of the results obtained 
by the Department of Agriculture. It may 
seem a little out of the province of this 
department to experiment upon the puri- 
fication of water; but, as you know, the 
present Seeretary of Agriculture is so ready 
to take up anything new that promises 
profitable results along any line not already 
occupied, that he was very glad and willing 
to allow an investigation to be undertaken 
which promised to afford relief to so many. 
Consequently, with the consent of Congress 
and with the very able cooperation of Dr. 
Galloway and Mr. Woods, of the Bureau of 
Plant Industry, this particular investiga- 
tion was undertaken in the Laboratory of 
Plant Physiology. Those of you who have 
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had any experience with attempting to 
drink water where it has the so-called pig- 
pen or fishy taste will readily recognize the 
importance of finding some means of pre- 
venting this disagreeable condition. New 
England is probably the most notorious re- 
gion for having this fishy odor and taste in 
its water supplies, but this difficulty is by 
no means confined to any particular part 
of the country. There is practically no 
state in the union which has not reported 
the greatest trouble due to the plants pro- 
ducing bad odors and tastes in water, for 
in almost all cases it is the growth of cer- 
tain aquatie plants called alge which is 
responsible for the difficulty. 

I will not try to give you a list of the 
towns and cities in the United States which, 
because of the presence of these plants, 
have had most serious times with their 
water reservoirs. The importance of the 
subject is so great that at least one water 
commission considered it worth $4,000,000 
to take precautions against the appearance 
of alge in their reservoir, and in many in- 
stanees hundreds of thousands of dollars 
have been expended in a vain attempt to 
prevent the bad odors and tastes which 
have occurred annually. 

It so happens that in my mail to-day 


there came a letter from a town, the name 


of which I will not mention, which perhaps 
describes the general situation incident to 
having a water polluted by these vegetable 
growths, as well as a long discussion. 


The reservoir of T—— is (to put it in plain 
Anglo-Saxon) fierce. We are able to drink it . 
only in the winter and early spring. During the 
summer and fall of the year it is so foul that it 
can not be used even to wash clothes. Never in 
all my experience in various towns and cities have 
I found such water, and yet physicians have 
analyzed it and found it all right. In the sum- 
mer it is yellowish in color and the odor is rank, 
being perceived at once on opening the faucet. 


There are many similar communities 
where the water, during the summer 
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months, at least, is so foul that people have 
to discontinue sprinkling the lawns and in 
some cases the reservoir can be detected —by 
the nose—over a half mile away. Now, as 
this letter says, examinations of an algal- 
polluted water usually show it to be harm- 
less so far as man is concerned, but be- 
eause of the odor and taste it might just 
as well be poisonous. People can not use 
it, and for this reason they are frequently 
driven to use polluted wells and springs, or 
bottled waters, which by no means are al- 
ways free from disease germs. In this way, 
epidemies have been known to arise, due to 
the presence of alge in the city water 
which, of itself, contained no pathogenic 
organisms. A problem of so much sani- 
tary and financial importance has naturally 
received much attention from water engi- 
neers and others. However, the recom- 
mendations usually made of aerating the 
water or covering the reservoir have been 
either ineffective or too expensive, and up 
to within a short time the problem of how 
to get rid of the bad odors and taste in 
water has been considered impossible of 
solution. The principal means of avoid- 
ing such difficulties has been to abandon 
the reservoir, create a new system of supply 
and hope the old condition would not re- 
turn until the water company or the town 
could afford to install another plant. Fil- 
tration offered little or no relief; indeed, 
filtered water, stored in an open reservoir, 
is often more subject to algal pollution than 
any other kind. Consequently, this prob- 
lem of how to prevent the growth of alge 
in water for domestic purposes had been 
practically abandoned as impossible by 
many of those most closely concerned with 
water supply work. 

It seemed necessary, therefore, to take 
up the question along some entirely new 
line and, consequently, careful investiga- 
tions were undertaken regarding the life 
history of the particular organisms con- 
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cerned and an attempt was made to find 
some toxic element which, although fatal 
to the plants, would yet be absolutely harm- 
less toman. It is not necessary to consider 
the large number of substances that were 
experimented with, but, of course, it was 
very soon found that the heavy metals were 
more effective than anything else that could 
be used on a practical scale. The fatal 
effect of copper upon alge has been known 
for a long time and our own experiments 
seemed to demonstrate that it was more 
efficient than anything else sufficiently 
cheap and easily obtained. Therefore, it 
was decided to carry on experiments on a 
large scale with this metal alone. 

The three points, of course, necessary in 
determining a means of destroying alge is 
that it shall be thoroughly efficient ; that it 
shall be cheap—for, of course, there must 
be no limit to the amount of water treated 
—and finally it must be harmless to man. 

First, in regard to the efficiency, I will 
give the result of a few experiments which 
demonstrate what high dilutions of copper 
sulphate will do to alge. 

The first opportunity which presented 
itself for experimenting on a large scale 
was in the cress beds of the South. Here 
the conditions were such that after the 
eress had been eut and before the new 
growth could start, a thick heavy mat of 
alge would form over the surface of the 
water sufficient to prevent the growth, if 
not entirely smother out the delicate cress 
plants. Since water cress at that time of 
the year was worth about $20 a barrel, and 
the demand was considerably greater than 
the supply, a large amount of money was 
being lost in this way, and it seemed worth 
while to experiment with these beds and 
see if it would not be possible to extermi- 
nate the algal growth without destroying 
the cress. Consequently, a solution of 
copper sulphate was prepared of a strength 
of about one to fifty million parts of water, 
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and this was applied to the algal mass in 
hopes that it would accomplish the desired 
result. Ina very short time all of the algal 
crowth was exterminated, and although the 
first application was made in the fall of 
1901, it has never been necessary to apply 
copper more than once a year to these beds. 
Naturally, the degree of success attained in 
this work, while not in any way demon- 
strating that a similar method would be 
efficacious in large reservoirs, seemed to 
warrant a more thorough investigation of 
the subject. 

In June, 1903, our attention was called 
to the condition of the reservoir at Win- 
chester, Ky. This supply was constructed 
in 1890, and after the first three years a 
strong odor and taste were noticeable in the 
water during the hot summer months. 
This condition gradually increased until 
the water attained such a degree of offen- 
siveness as to make its use for any purpose 
almost intolerable. Aeration and mechan- 
ical filtration were tried without effect, and 
it seemed that the only hope for relief was 
to abandon the entire reservoir and go ten 
miles to the Kentucky River for the source 
of a new supply. The cost, however, was 
too great to be considered, and for this 
reason the difficulty was considerably in- 
creased. A microscopical examination of 
the water showed that the odor and taste 
were due to the presence of one of the blue- 
green alge, and it was believed that the 
appleation of copper sulphate at the rate 
of about 1 to 5,000,000 would be sufficient 
to destroy these forms; consequently, there 
being no objection on the part of either the 
water board or the health authorities, a 
treatment was made, and the results have 
been everything that could be desired. 
Within three or four days the odor disap- 
peared and the water was perfectly clear. 
This summer at about the same time it was 
feared that the algal growth was reappear- 
ing, and for this reason another slight 
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treatment was made, but with this excep- 
tion, no copper has been added to the water 
since the original treatment in June, 1903, 
and it has remained perfectly clean and 
sweet. 

In 1892 the Butte (Montana) City Water 
Company began the construction of a large 
impounding reservoir for the purpose of 
storing the water of a mountain stream 
having its source in the summit of the 
Rocky Mountains. The next year the 
stored water became badly contaminated 
and was unfit for domestic use on account 
of its disagreeable odor and taste. In 1894 
the dam was increased so that the capacity 
of the reservoir was 180,000,000 gallons, 
but the same trouble was experienced as 
during the previous year, and further work 
was stopped on the dam until some remedy 
could be discovered. An extensive study 
of the conditions to discover the cause and 
find a remedy for the trouble was under- 
taken, and, besides a resident chemist and 
bacteriologist, consultations were held with 
water engineers of note in all parts of the 
country. It was finally decided to increase 
the water supply flowing into the reservoir 
and more thoroughly clean the bottom of 
all organic matter which might contain 
vegetable organisms. Notwithstanding the 
efforts made in this line, the water was so 
infected with algx as to be absolutely nau- 
seating in odor and taste, and it became so 
offensive that the odor was continually 
present in the city on account of the water 
being used in sprinkling earts. On July 7 
of this year copper sulphate was added to 
this reservoir in the proportion of 1 part 
to 8,500,000 parts of water. During the 
first twenty-four hours the water in the 
reservoir gave off a most pronounced and 
disagreeable odor, and at the end of the 
second and third days changes were noticed 
in the color and taste of the water, particu- 
larly in the lower depths. By the end of 
the fifth day the water assumed a natural 
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color and only a slight odor and taste were 
noticeable on the surface. On Sunday, 
July 24, the water in the reservoir, being 
absolutely pure, for the first time in ten 
years, during the summer months, was 
turned into the city mains, and since this 
date has been in constant use. 

Many other examples might be given of 
the efficiency of copper sulphate as a pre- 
ventative of algal pollution, but it is prob- 
ably sufficient to say that over fifty large 
water supplies have been successfully treat- 
ed during the last six months, and in no 
instance where a supply was in actual use 
and the method applied according to diree- 
tions has it failed to accomplish the desired 
result. 

It is not necessary to dwell upon the 
question of cost. In general this may vary 
from ten cents to fifty cents per million 
gallons, and no water company is likely to 
hesitate at this amount if it enables them 
to get rid of a difficulty which often causes 
them an annual expense of thousands of 
dollars, to say nothing of the complaints 
of consumers. 

The fact that copper has been used in a 
number of water supplies in quantities of 
from one to a million to one to ten or fifteen 
millions without causing any perceptible 
difficulty might be regarded ds evidence in 
favor of the harmlessness of copper to man, 
or at least as demonstrating that this metal 
is not poisonous in the generally accepted 
sense of the word. There is, however, a 
deep-seated prejudice against copper in the 
popular mind, and it is diffieult to convince 
the publie that the cases of poisoning sup- 
posed to have been due to eating food from 
copper utensils were due to other causes, 
now well recognized. Perhaps there will 
always be a certain amount of opposition to 
the use of copper, just as there is to anti- 
toxin and vaccination. After all, the ques- 
tion is a local one which must be decided by 
the local authorities, and if there is any 
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question about the method it should not be 
resorted to. Certainly, the Department of 
Agriculture does not wish to insist upon 
the use of copper sulphate without the 
hearty consent of the authorities who have 
the control of the water supply, and this 
consent has always been obtained before 
any work of this kind has been earried on. 

The fact that we daily consume in our 
food quite as much, if not more copper, 
than would ever be added to a water supply 
is not generally known by the public; not 
only in peas and other canned goods, where 
copper has been added for a purpose, but 
in meats, fruits, vegetables, ete., where this 
metal oceurs naturally. There is often five 
times as much copper in a pound of wheat 
as would ever be found in a gallon of water 
treated for the destruction of alge. But 
there is so much evidence in favor of the 
harmlessness of copper that it is impossible 
to even refer to it here. After all, it should 
be borne in mind that it is not a question 
of an absolutely pure water as compared 
with water containing a small amount of 
copper. It is typhoid- or cholera- or alge- 
laden water versus copper water. 

When the efficiency of copper for the 
destruction of alge had been fully demon- 
strated, it became a matter of interest, at 
least, to determine the effect of this metal 
upon typhoid, cholera and similar disease 
germs often conveyed by water. As the 
result of a large number of experiments we 
were able to determine that while copper 
was not quite so toxic to these pathogenic 
bacteria as to alge, still the results were 
sufficiently satisfactory to make it seem 
probable that, under certain circumstances, 
the method might prove of considerable 
value for the rapid and efficient steriliza- 
tion of large bodies of water. 

The conditions goyerning pollution by 
alge and bacteria are, of course, very dif- 
ferent. Furthermore, there are methods 
already in use, which, if properly applied, 


ie 


q 


Apriz 21, 1905.] 


will remove germs from water, whereas 
copper. is the only means thus far known 
which accomplishes the desired effect with 
alge. 

It should be most clearly understood that 
it was not supposed for a moment that the 
copper method could be substituted for effi- 
cient sand filtration or any other means 
now in use which has been demonstrated 
as doing the work thoroughly. It was be- 
lieved, however, and practical tests since 
made have proved it, that in cases where 
no system of filtration existed, or where the 
filter failed, owing to the storage basin be- 
ing flooded by surface drainage, or because 
of leakage or other cause, this method was 
not efficient, that in copper sulphate we had 
the only remedy for such emergency cases. 
It should be borne in mind that nothing is 
more delicate or requires more intelligent 
and conscientious supervision than a filter 
plant. Any one who has had an oppor- 
tunity to visit many such plants through- 
out the country and really knowing their 
inside workings, as it were, can not help 
being astonished at the low rate of efficiency 
frequently maintained. Consequently, the 
application of copper sulphate under such 
circumstances for the purpose of reducing 
the bacteriological content has been used 
successfully in enough eases to demonstrate 
that it has a distinct place in water purifi- 
cation. Whether it would be efficient and 
proper to use copper continuously during a 
considerable period awaiting the completion 
of a filtration system, is a question to be 
decided by the conditions governing the 
case. There is no doubt in my own mind 
that under certain circumstances such use 
would be justified, and the results would 
more than repay any outlay of money and 
labor. 

Others will diseuss more particularly the 
effeet of copper upon typhoid, ete., so it is 
not necessary for me to refer in detail to 
the work carried on by the department 
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along this line. One other point regard- 
ing the effect of copper when used upon a 
practical seale is of interest, however. That 
is, that the theoretical strength, or the 
amount of copper used to destroy alge and 
bacteria in the laboratory, is considerably 
greater than the amount needed on a prac- 
tical seale. This may be due to the fact 
that the organisms used in laboratory tests 
are of necessity more resistant than those 
occurring under natural conditions; at any 
rate, results show that where it may require 
one part in a million of copper to destroy 
certain alge under experimental conditions, 
it only takes one tenth or even less than this 
amount to accomplish the same result in a 
reservoir containing millions of gallons of 
water. 

Dr. Henry Kraemer, Philadelphia Col- 
lege of Pharmacy, said: The purification 
of water supplies containing pathogenic 
organisms being a subject of such vital im- 
portance, it seems to me that any method 
proposed for this purpose should receive 
careful consideration, not only at the hands 
of water engineers, water companies, health 
officials and physicians, but by all those 
who are in a position to test the method, or 
contribute information regarding it, or to 
foster a sentiment in favor of it if found 
to be efficient. It was in this spirit that I 
undertook to test the method proposed by 
Dr. Moore and Mr. Kellerman. 

On account of the false sentiment which 
had been engendered in Philadelphia with 
regard to the purification of water by 
means of copper, and recognizing that the 
city authorities would not be apt to apply 
the method so long as there was this preju- 
dice against it, I determined to consider 
the method in relation to its application 
for household purposes. 

It is, of course, manifestly impracticable 
for the average householder to use copper 
sulphate in the purification of drinking 
water, and my experiments have, therefore, 
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been mostly with metallic copper. I first 
tried to obtain copper vessels for my ex- 
periments, but finding that I should have 
to wait some time to have these made, those 
on the market being tin-lined, I decided to 
use copper foil instead, which perhaps is 
fortunate, as this is more convenient and 
less expensive. 

In my earlier experiments I had a num- 
ber of my students in bacteriology carry 
on the work, using pieces of copper foil 
about 25 centimeters square to each 2,000 
e.c. of water, allowing this to stand from 
four to eight hours at room temperature, 
the copper foil being cleansed with pumice 
for each operation. Agar plates were made 
and it was found that there was a reduction 
in the total number of organisms of from 
85 to 97 per cent. For some time past one 
of my special students has been carrying on 
this work under my direction, and I may 
say that in all of those experiments where 
copper has been used the reduction in the 
number of organisms has been equivalent 
to what would be obtained by an efficient 
filtration system, with the advantage in the 
ease of the copper treatment that the or- 
ganisms are completely destroyed. 

In filtration processes it is generally 
understood that both typhoid and colon 
organisms are the first to be eliminated, and 
without waiting to complete a systematic 
study of the organisms which persist as 
well as those which are killed in the copper 
treatment of water, I thought it well to 
test the method by using water containing 
these organisms alone. 

Inasmuch as results depend in some 
measure upon the method used, I will try 
briefly to outline my method before giving 
my results. 

1. Water under three different condi- 
tions was employed: (a) Distilled water, 
which was prepared from tap water by first 
treating it with potassium permanganate 
and then distilling it two or three times by 


(N.S. Vox. XXI. No. 538. 


means of apparatus constructed entirely of 
glass. (6b) Filtered tap water, prepared 
by means of a Berkefeld filter attached to 
a copper spigot. (c) Tap water collected 
after being allowed to run through a copper 
spigot for five minutes. All of these were 
sterilized in an autoclave at 110 degrees for 
thirty minutes. 

2. The cultures of typhoid and colon 
which were used were pure cultures de- 
veloped in bouillon for eighteen to twenty- 
four hours. 

3. To 200 ¢.c. samples of water prepared 
as above, and contained in sterile Erlen- 
meyer flasks, were added two three-milli- 
meter loops of the fresh bouillon cultures 
of typhoid and colon bacilli, respectively. 
Counting the duplicate experiments pro- 
vided for, we thus had a series of twelve | 
flasks, six. of them coutaining typhoid ba- 
eilli, and six colon bacilli. 

4. For studying the number of organisms 
1 c.c. of the respective solutions was trans- 
ferred directly to a Petri dish by means of 
a sterile 1 ¢.e. pipette, and to this was 
added 10 e.c. of Heyden’s nutrient agar 
which had been kept at a temperature of 
40° C. for some time. Three separate plates 
of the water in each of the twelve flasks 
were made immediately upon the addition 
of the cultures, and both the plates and the 
flasks were kept at a temperature of 35°- 
37° C. To six of the flasks were then added 
strips of copper foil about 15 mm. wide 
and 18 em. long, these being corrugated in 
such a manner that the entire surface was 
exposed to the water. 

5. Plates were made from all the twelve 
flasks at the end of four and eight hours, 
and one, two and six days, even in the cases 
where no organisms remained, and in the 
eases where they continued to develop, at 
the end of fourteen, twenty-one and twenty- 
eight days. The results are given in the 
following tables: 


Plates made at end of 
twenty-four hours... 
Plates made at end of 
forty-eight hours... 
Plates made at end of 
6 days 
Plates made at end of 
Plates made at end of 
GAGE, 
Plates made at end of 
Plates made at end of 


the latter. 


isms, 


I may say that every single experiment 
which we have conducted, not only those 
given in the foregoing tables, but all others, 
shows that copper foil is exceedingly toxic 
to colon and typhoid bacilli, particularly 


*Bowlton cultures of the different samples of 
water gave at the end of sixty days with Widal’s 
test the characteristic behavior of typhoid organ- 


eight hours........... 
Plates made at end of | 

twenty-four hours... 
Plates made at end of 

forty-eight hours... 
Plates made at end of 


Plates made at end of | 
14 days 


21 days. 
Plates na at end of 
Plates made at end of 
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TasLe I, EXPERIMENTS WITH Taste Il. Experiments 
TyYPHosvs. 
Water without Copper Foil. 
st ap ap Tripl 
Water. | Water. Distilled | Tap Water. 
- Water. Water. 
Plates made at time 
of 7,746 11, 246 8,283 Plates made at time 
Plates made at end o of adding culture.... 3,740 4,750 3,675 
four ee my 7,655 5,075 7,665 Plates — at end of : No or- 
Plates made at end o ' - four hours............ 2,835 nisms. 3,815 
eight 7,735 3,115 7,000 Plates made at end of 
Plates made at end of eight hours........... 3,850 " 1,995 
twenty -four hours... 1 ,000, 000 1,000,000 1,500,000 Plates made at end of 
Plates made at end of | twenty-four hours... 3,750 o 1,435 
forty-eight hours... 1,200,000 1,600,000 2,000,000 Plates made at end of 
Plates made at end of : forty-eight hours... 3,815 " 1,540 
6 1,200,000 |1,000,000 |1, 200,000 Plates made at end 
Plates made at end of 1,850 
14 GAYS, .ccccscccqeases 1,060,000 | 910,000 2, 245,000 Plates made at end of 
Plates made at end of 14 dAyGs.......ccccceee 16,380 — 3,920 
700,000 462,000 650,000 Plates made at end of 
ates made at end o BE 39,690 65,500 
28 dAYS... 700,600 462,466 649,666  Platesmadeatend of 
Plates made at end of 153,600 221,867 
53 days. 602,000 | 456,000 693,000 Plates at end of 
Water with Copper Foil. 
Tripl Water with Copper Foil 
Distilled Filtered | Tap Water. Triple 
ele Water. he Distilled | Filtered | Tap Water 
Water. Water 
Plates made at time 
of adding culture...| 8,866 4,410 6,790 Plates made at time 
Plates made at end of No or- N o or- N O or- of adding culture.... 3,986 127 1,400 
four hours............ ganisms. ganisms. | ganisms. Plates made at end of. No or- No or- No or- 
Plates made at end of four hours............. ganisms. | ganisms. ganisms. 
eight hours........... Plates made at end of 


It will be seen by consulting the table 
that in the filtered water to which no cop- 
per foil had been added, the typhoid or- 
ganisms did not grow and multiply as was 


the case with the 


tap water and distilled 


water, although there were a larger number 
of organisms to begin with. This also 
applies in a measure to the colon bacilli, 
where there is a very marked inhibiting 
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action in those growing in filtered water. 

At first I was inelined to attribute this 
to minute traces of copper in the flasks, 
but subsequent experiments showed that 
this was not the cause of the diminution of 
the organisms. I am, therefore, inclined 
to attribute these rather anomalous results 
to the presence of extremely small quanti- 
ties of copper dissolved by the water in its 
necessarily slow passage through the copper 
spigot to which the filter was attached. 

Some time ago I was asked if I thought 
that a copper plate placed at the intake of 
a reservoir would be effective in destroying 
typhoid organisms. At that time I felt 
such a result was almost too marvelous to 
be within the range of probability. But 
in view of the results which I have just 
given it seems that copper exerts a marked 
oligodynamie action on typhoid and other 
intestinal organisms, although this action is 
not so marked as in the case of alge and 
some of the saprophytie fungi. 

It is extremely fortunate that in the cop- 
per treatment of water, a method has been 
devised which is so effective in destroying 
intestinal microorganisms and which can 
be applied so easily on a large scale and so 
safely even in the average household. Of 
course the proper place to purify the water 
supply of a city is in the reservoirs, before 
the water reaches the consumer, as thus the 
distribution of organisms like typhoid is 
brought within the narrowest limit, and 
individual carelessness in the community is 
overcome. 

In a city like Philadelphia, which de- 
pends for its water supply upon a river 
which has tributaries in the coal region and 
subject to contamination of all kinds, in- 
cluding sewage and waste products from 
manufacturing establishments, it is, of 
course, very necessary that the water be 
freed from gross impurities by sedimenta- 
tion and filtration. 

At time of freshets the amount of sus- 
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pended matter may be as much as 500 parts 
per million and it is not unusual to see a 
statement like the following in the daily 
papers: 

Philadelphia is to receive another dose of the 
inky water from the coal regions of Pennsylvania. 
Already the water is of a yellowish-red color, and 
by to-morrow the coal dust residue is expected. 
The rains in the Schuylkill valley are responsible, 
the deposits from the culm piles about the mines 
being washed into the tributaries of the Schuyl- 
kill River and into the main stream as well. 

But even in Philadelphia, where the 
necessity for a filtration system is so urgent, 
there are times when the application of a 
method like the one proposed by Dr. Moore 
would be highly advantageous. I may cite 
two examples in this connection: 

1. Only last September a certain section 
of Philadelphia required 28,000,000 gallons 
of water, and the filters for that section de- 
livered only 22,000,000 gallons, and in or- 
der to provide the necessary supply 6,000,- 
000 gallons of unfiltered water were added. 
This deliberate ‘repollution’ of the water 
supply, as it was termed by Director Mar- 
tin, of the Department of Public Health, 
could readily have been corrected by the 
use of the copper method of purification. 

2. Some years ago while flushing one of 
the large sewers, by an unfortunate acci- 
dent there was an overflow at a point along 
the Schuylkill River just above one of the 
pumping stations, and as a result of this 
contamination of the water supplied to 
that section of the city there were 258 
eases of typhoid fever in this section in 
two weeks afterward, and nearly 1,500 
eases within the next two months. 

Instances could be multiplied where the 
copper method of purification of water 
could be applied as an emergency method, 
if not regularly in connection with filtra- 
tion. 

Even granting the efficiency of the boil- 
ing of water for domestic purposes, I be- 
lieve that the copper-treated water is more 
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natural and more healthful, inasmuch as 
the various inorganie constituents, particu- 
larly the salts of caleium and magnesium, 
are in a more soluble and assimilable con- 
dition, being furthermore less concentrated, 
at the same time the natural gases of the 
water being retained. 

From the experiments thus far conducted 
the following conclusions may be drawn: 

1. The intestinal bacteria, like colon and 


typhoid, are completely destroyed by plac-_ 


ing clear copper foil in the water contain- 
ing them. 

2. The effeets of colloidal copper and 
copper sulphate in the purification of 
drinking water are in a quantitative sense 
much like filtration, only the organisms are 
completely destroyed. 

3. Pending the introduction of the eop- 
per treatment of water on a large scale the 
householder may avail himself of a method 
for the purification of drinking water by 
the use of strips of copper foil about three 
and a half inches square to each quart of 
water, this being allowed to stand over- 
night, or from six to eight hours, at the 
ordinary temperature, and then drawn off 
or the copper removed. . 

Dr. Mary E. Pennington, bacteriologist, 
Department of Publie Health, Philadel- 
phia, said: In the city of Philadelphia, 
work on an extensive sand filtration system 
is being pushed just as rapidly as possible. 
Portions of the city are now being supplied 
with filtered water and in the course of a 
few years such water will be distributed 
over its entire area. Until this time ar- 
rives there will, almost certainly, be out- 
breaks of typhoid fever of greater or less 
severity and extent. The problem of an 
efficient, wholesome and rapid purification 
of water, primarily for the general city 
supply, secondarily for use in the house- 
hold, is, therefore, temporarily but em- 
phatieally, before the health authorities of 
Philadelphia. Any method which offers a 
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possibility of success must be carefully 
weighed by them. 

Among the methods considered by the 
city and worked upon in its laboratories is 
that of the purification of water by copper, 
either in the form of salts or as metal, the 
aim being to eliminate typhoid and colon 
bacilli. 

Dr. Stewart, working from the stand- 
point of household purification more espe- 
cially, has had constructed copper vessels 
of varying sizes in which he has placed 
typhoid germs suspended in distilled water, 
sterile filtered water and raw river water. 
In very clean, brightly polished copper ves- 
sels the organisms of typhoid fever were 
soon killed, sometimes in less than two 
hours, and the common river water germs 
were considerably reduced in number, but 
never exterminated. In glass or tin, on the 
contrary, all the organisms showed a de- 
cided increase. 

The city laboratory has also conducted 
some experiments to determine the germi- 
cidal efficiency of copper plates charged 
with very low electric currents—less than 
4 volts and 0.01 ampére—over which the 
water to be purified was allowed to flow. 

The suspension of copper electrodes in 
water which is not agitated causes a more 
rapid reduction in the number of organisms 
than is accomplished by copper without the 
current. When, however, the apparatus is 
arranged to simulate a reservoir, with inlet 
and outlet and of such construction that 
the entering polluted water must come into 
intimate contact with several electrified 
copper surfaces, the reduction in the num- 
ber of both typhoid and colon bacilli is 
very great almost immediately. When such 
an effluent has stood at room temperature 
for an hour it is practically sterile. 

The copper, too, which, when germ-free 
water is used, may be found in traces, is, 
apparently, entirely eliminated from water 
containing a large number of organisms. 
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Unfortunately, these experiments have 
been confined to laboratory quantities and 
conditions. It is hoped that an oppor- 
tunity will offer to try them on a larger 
scale. 

Mr. Alfred M. Quick, chief engineer, 
Baltimore Water Department, said: The 
subject under consideration here to-night 
involves so much more of chemistry, bac- 
teriology and entomology than it does of 
water-works engineering, with which I am 
more familiar than I am with the sciences 
I have referred to, that I would very much 
prefer to have appeared here simply in the 
role of listener. 

I have been very much interested in the 
extremely valuable diseussion of this sub- 
ject from the scientific standpoint of all 
the previous speakers. The only excuse 
_ for my speaking or appearing here in any 
other rdle than as a listener is, I suppose, 
because I have had some experience in the 
practical application of copper sulphate in 
the treatment of large reservoirs in use in 
a water department. 

As to the experiments that we made, 
while they were probably not so valuable 
in illustrating the sueecess of this method 
of treatment as some other cases where the 
proportion of alge in the reservoir was 
very much greater than it was in our case, 
or where the trouble had been experienced 
from the presence of these organisms for a 
longer time than it has been in Baltimore, 
still they give results that are none the less 
emphatie and conclusive. I have said, 
we have not had any trouble with these 
organisms for any long period, and we had 
no reason to suppose that they are present 
in any large quantity in our reservoirs. 
We have had trouble, however, with com- 
plaints of bad water, water of bad odor, 
bad taste and discolored water, but in every 
case —practically every case—we have been 
able to get rid of the complaint by flushing 
the mains, our conelusion being that the 
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trouble was caused by the numerous dead 
ends in the distribution system and also 
by bad management of previous years in 
allowing muddy water to be sent to the city 
and thus filling our water mains with sedi- 
ment. 

As I say, we had been able to get rid of 
these complaints in previous years by flush- 
ing the pipes, but this past summer. there 
was a continual complaint by a large arti- 
ficial ice manufacturing concern that the 
ice had a bluish-green color which prac- 
tically made it unmarketable. Supposing 
that the eause was the same as in the most 
of the previous cases, we started to flushing 
the pipes and eonneeting up some dead 
ends in that vicinity, hoping by that means 
to get rid of the complaint, but it still con- 
tinued. I, therefore, made a personal ex- 
amination of the matter and found that the 
ice was badly discolored and that there was 
apparently no evidence of sediment in the 
water, so that the complaint was undoubt- 
edly due to the presence of some vegetable 
organisms in the water. It immediately 
occurred to me to try Dr. Moore’s suggested 
method of treating the water in reservoirs 
to eliminate the alge by the application of 
copper sulphate. 

I had read his pamphlet and was con- 
vineed of the value of the method of treat- 
ment which he suggested, and so I com- 
munieated with Dr. Moore, and he sent his 
assistant, Mr. Kellerman, over to Baltimore 
and he examined the water in the reser- 
voirs, Lakes Clifton and Montebello, which 
feed the district from which the complaints 
came. He also made some analyses of 
samples of the water in these lakes, which 
showed that the particular species of alge 
which cause the disagreeable odor and dis- 
coloration, and other species, were present 
in such considerable numbers as to justify 
an experiment with the copper. sulphate. 

However, before attempting to make such 
an experiment, not because I had any doubt 
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as to the merits of Dr. Moore’s suggested 
method or as to its leaving the water abso- 
lutely safe for potable purposes, but be- 
cause, holding a political position, it was 
well to fortify myself before attempting 
anything unusual, I, therefore, communi- 
cated with all the leading chemists of the 
city, particularly the chemists in the health 
department, and one other, gentleman, 
whose name I am not at liberty to mention, 
but who is probably one of the three or 
four greatest biological chemists in this 
country, and had them all committed be- 
forehand—not as agreeing that the ex- 
periment would be a suecessful one in 
eliminating the algw, but as emphatically 
agreeing that if the method Dr. Moore had 
suggested was adopted, there would be ab- 
solutely no danger to any consumer in 
drinking the water. 

So we proceeded to put the copper sul- 
phate in the two large reservoirs, using 
our own employees for the purpose. For 
Lake Clifton 300 pounds of sulphate was 
used, or about one part to 6,390,000 by 
weight. The method of application was as 
follows: The lake was first shut off entirely, 
both at the inlet and outlet. The sulphate 
was in four bags of 75 pounds each. One 
bag at a time was suspended from the stern 
of a rowboat, and as soon as it was about 
three quarters dissolved another bag was 
put out. The boat was rowed around the 
lake in coneentrie courses about 40 or 50 
feet apart, and at such a rate as to cover 
the lake completely by the time the four 
bags of sulphate were dissolved. It took 
128 minutes to dissolve the 300 pounds 
applied. A sample of the water was taken 
near the center of the lake just previous to 
the application of the sulphate and samples 
were taken at the same place in the lake at 
intervals of 24 hours after the application. 
These samples were for biological analyses. 
Samples of the lake water were also taken 
in sterilized bottles, both before and after 
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application of the sulphate, for bacteriolog- 
ical analyses. 

The biological analyses indicate a very 
great reduction in the number of alge in 
the first 48 hours after treatment, and prac- 
tically a complete elimination of alge in 
120 hours. On account of rain falling in 
the reservoir during treatment, unfortu- 
nately the bacteriological analyses give no 
correct indication of the action of the sul- 
phate on the bacteria in the lake. These 
analyses were all made by Dr. Wm. R. 
Stokes, the city bacteriologist. An analysis 
of the samples was also made by the city 
chemist to determine the proportion of eop- 
per present, and no trace of copper was 
found in the water as early as 24 hours ° 
after application of the sulphate. 

The method of treatment of Lake Monte- 
bello was exactly the same as at Lake Clif- 
ton, except that a larger amount of copper 
sulphate was used; 600 pounds were ap- 
plied, or about one part in 6,685,800 by 
weight. As with Lake Clifton, the analyses 
showed a very considerable reduction in 
the number of alge in 48 hours after appli- 
eation of the sulphate, but the analyses of 
samples taken at intervals of 24 hours 
thereafter showed a slight increase in the 
number of alge until the eighth day after 
treatment, when the number per eubie cen- 
timeter dropped to 14. At that time it was 
found necessary to turn Lake Montebello 
into consumption, and therefore no further 
analyses were made. It is possible that if 
the examination had been continued we 
should have found the alge practically 
eliminated, the same as at Lake Clifton. 

A chemical analysis showed no trace of 
copper in the water five days after applica- 
tion of the sulphate. 

We had no bacteriological analyses made 
of the water in Lake Montebello because 
our experience with Lake Clifton tended 
to substantiate the intimation by Dr. Moore 
that the proportion of copper sulphate 
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which we used would be too weak to have 
much, if any, effect in reducing bacteria. 

So much for the results shown by the 
analyses. The practical value of the treat- 
ment was observed in the very great dim- 
inution in the number of complaints of 
bad water, which had been unusually large 
just previous to the experiment. 

The cost of the experiment was between 
$60 and $70, which was for the copper sul- 
phate used, or less than ten cents per mil- 
lion gallons treated. 

Dr. C. L. Marlatt, entomologist, Bureau 
of Entomology, said: In the original pub- 
lication on the use of copper sulphate 
against algw, a paragraph was given indi- 
cating the results of certain incidental ex- 
periments with mosquito larve. These 
experiments indicated that a strength of 
1 to 40,000 was apparently necessary to 
kill presumably nearly full-grown larve. 
The strength indieated is greater than is 
practicable for water to be used for do- 
mestic purposes, but a distinct toxicity of 
the copper sulphate for mosquito larve was 
shown. A series of experiments was imme- 
diately instituted in the laboratory of the 
bureau to determine the exact value of cop- 
per sulphate in this field. The common 
method of destroying mosquito larve in 
comparatively still bodies of water is in 
the use of kerosene oil. This, however, has 
the objection of rendering the water un- 
palatable, and the copper salt seemed to 
offer a possibility of the use of a substance 
which would not injure water for domestic 
consumption. 

During the spring and summer of 1904 
more than 75 experiments were made with 
copper sulphate, beginning with the first 
larvee available in the spring, and continu- 
ing until autumn. Tests were made with 
various kinds of water, namely, distilled 
water, hydrant water, foul water from old 
rain-water barrels of long standing, and 
water from outdoor ponds more or less 
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soiled with earthy matter and animal and 
vegetable life. The mosquito larve sub- 
jected to the different tests were various 
species of Culex and Anopheles; the former 
the common biting mosquito, and the latter 
representing the species responsible for the 
conveyance of malaria. 

The importance of the water conditions 
was at once evident. The copper sulphate 
showed very considerable effectiveness in 
comparatively pure water, and lost its ae- 
tion very quickly in foul water or water 
containing much earthy matter, in the lat- 
ter cases the copper being quickly precipi- 
tated with the foreign matter in the water. 
The use of distilled water and compara- 
tively pure hydrant water was of value in 
determining the direct toxicity of copper 
sulphate; in other words, in such water the 
killing of the larve could not be charged to 
the destruction of the food in the water, 
which might reasonably be offered as the 
explanation in the case of more or less foul 
water in which mosquitoes ordinarily breed, 
containing quantities of vegetable and ani- 
mal life. Mosquito larve were killed in 
distilled and pure hydrant water quickly, 
and in the check jars in which no poison 
was placed they remained in healthy econ- 
dition indefinitely, or at least exceeding a 
week or ten days. 

The larval conditions also exerted a very 
marked influence on the results. The 
young larve are killed with minute addi- 
tions of copper sulphate. The strength 
necessary to effect the prompt death of the 
larvee increases very quickly with the age 
of the larve. In comparatively pure water, 
such as hydrant water, a strength of from 
1 to 100,000 to 1 to 5,000,000 killed newly 
hatched larve with promptness, that is, 
within 24 to 48 hours. Any strength of cop- 
per sulphate between 1 to 100,000 and up- 
wards is stated to be a practicable strength 
for use in water for domestic purposes. 
One to 500,000 was almost as effective as 
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1 to 100,000, and is probably as high a 
strength as need be used for killing newly 
hatched larve in clear water. In the case 
of half or two thirds grown larve the imme- 
diate death of the larve was not secured, 
but they were held in arrested development 
for several days and slowly perished, some 
few surviving two weeks, and this at 
strengths between 1 to 100,000 and 1 to 
500,000. The effect on full-grown and 
nearly full-grown larve is to hasten their 
transformation to the pupal stage, such 
larve transforming within a few hours to 
one day after the application of the copper 
sulphate. Once in the pupal stage, no prac- 
ticable strength of copper sulphate is ef- 
fective against them. Strengths as great 
as 1 to 1,000 were employed, and the pup 
so treated were seemingly completely im- 
mune from its effect, and ultimately trans- 
formed to adult insects. The reason for 
the almost absolute immunity of the pupal 
stage is probably because in this stage no 
food is taken, and the poison is purely 
external and has no opportunity to act. 

It was further shown that copper foil 
was very effective in destroying newly 
hatched larve. A piece of copper foil less 
than six inches square killed, in two quarts 
of water, the majority of young larve with- 
in 24 hours, and all within 48 hours. The 
possibility of using copper foil, therefore, 
to keep mosquito larve out of small bodies 
of comparatively pure water is shown. In 
all of these tests cheek experiments, without 
the addition of copper, were carried out. 

The general results shown are that newly 
hatched mosquito larve are killed in com- 
paratively pure water by practicable addi- 
tions of copper sulphate, namely, between 
1 to 100,000 and 1 to 5,000,000, the neces- 
sary strength varying with the purity of 
the water; that copper foil exerts a remark- 
able effeet upon young larve ; that the very 
highest practicable strength, namely, 1 to 
100,000, will cheek the development of half 
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and two thirds grown larve, and cause 
their ultimate death; that nearly full-grown 
and full-grown larve are induced to 
promptly pupate, and that in the pupal 
stage absolute immunity to copper salts is 
shown. 

The practical application of copper sul- 
phate seems, therefore, limited to the pro- 
tection of small bodies of comparatively 
pure water. It is further possible that in 
the tropical countries, where much of the 
drinking water is kept in cisterns, it will 
have a distinct field for usefulness, and 
possibly particularly against the yellow- 
fever mosquito. Field tests in open ponds 
failed to show any special value for copper 
sulphate; it seemed to be precipitated too 
quickly to have any important effect on the 
larve. The value of copper sulphate 
against mosquitoes needs for its demon- 
stration further tests, and particularly 
under the tropical conditions referred to. 

Dr. H. W. Wiley, chief chemist, Bureau 
of Chemistry, said: In regard to the use 
of copper for purifying water, I have noth- 
ing whatever to say except as it may per- 
tain to water as a food. It is recognized 
by all physiological chemists that water is 
one of the principal foods and one of the 
most necessary. The act of Congress au- 
thorizing the investigation by the Bureau 
of Chemistry of the adulteration of foods 
includes beverages in the list of the articles 
to be studied. The whole matter, therefore, 
of the addition of copper to water which is 
to be used for food purposes is intimately 
related to other problems of a similar na- 
ture which we have had under study in the 
Bureau of Chemistry for the past twenty 
years. There are two ways of considering 
the evidence which has been accumulated 
on this subject. One is to consider the 
addition of certain substances, copper sul- 
phate among them, to foods, as a process 
involving the use of harmless substances; 
the other view is to regard the substances 
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themselves as harmful. In the latter case 
there must be an abundant justification on 
the part of the user to excuse their intro- 
duction. I think we may assume, for the 
purposes of this argument, that copper sul- 
phate is in itself an injurious substance. 
This does not relate to its use in a medicinal 
sense. It is well known that the great 
majority of drugs which are used in disease 
are not harmless to health; in other words, 
the fact that any given substance may be 
used as a remedy in disease is no justifica- 
tion whatever for its use by persons in 
health. 

The fact that a substance may be nat- 
urally found in a food product accidentally 
or otherwise, which in itself is harmful, is 
no excuse for adding more of the substance 
to the food product. For instance, hydro- 
eyanie acid is found in certain food prod- 
ucts, such as peaches and eassava; borax 
is found almost uniformly in grapes and 
wines; benzoie acid oceurs in considerable 
quantities in cranberries, and copper is 
oceasionally found in some food produets 
in weighable quantities. It requires no 
argument to show that the accidental pres- 
ence of bodies of this kind is no justifica- 
tion whatever for adding additional quan- 
tities thereto. In other words, foods them- 
selves are often injurious, but that does not 
imply that more injurious substances 
should be added to them. The attitude of 
experts in regard to these matters is the 
most puzzling problem of all. Men of equal 
honesty, equal ability and with equal skill 
as experimenters entertain diametrically 
opposed views on these subjects. It ap- 
pears that the one safe position each lay- 
man can take in the matter is to demand 
protection from being compelled, without 
his knowledge, or even with his knowl- 
edge, to consume substances in foods 
which a very respectable part, or per- 
haps even a majority of expert evidence, 
condemns. The right of any one to con- 
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sume antiseptics and coloring matters in 
his food should not be denied, but it is not 
fair that those who hold a contrary opinion 
should find it almost impossible to secure 
food products devoid of the substances to 
which he objects. This principle, it appears 
to me, applies particularly to water, which 
is a substanee of universal consumption. 
The principal exeuse for the use of a sub- 
stance like sulphate of copper, aside from 
the effect which it has on the living organ- 
isms in the water, is found in the state- 
ments which have been made that no cop- 
per remains in the water. Any residual 
quantity remaining, be it ever so small, is 
objectionable. The argument de minimis 
is in my opinion wholly fallacious. 

A very full diseussion of the subject of 
the presence of copper in foods is found in 
the report of the committee on food pre- 
servatives, presented to both Houses of 
Parliament by command of the King in 
1901. The report was signed by Herbert 
Maxwell, chairman, T. E. Thorpe, H. Tim- 
brell Bulstrode and F. W. Tunnicliffe. On 
page xxx, article 136 of this report, section 
F, under recommendations, it is stated 
‘That the use of copper sulphate in the so- 
ealled greening of preserved foods be pro- 
hibited.’ This part of the report, it is but 
fair to say, was not coneurred in by Mr. 
Tunnicliffe. After stating his reasons for 
not signing the recommendation as given, 
he states, page xxii: ‘‘I am, however, sat- 
isfied that often an unnecessarily large 
amount of copper is present in vegetables 
permanently colored by means of it, and 
although in spite of diligent investigation 
no injurious results have been known to 
have occurred even from these quantities, 
yet, nevertheless, only the necessary amount 
should be added. I should, therefore, 
recommend that the presence of copper in 
these preserved vegetables be in every case 
declared and that its amount be restricted 


Aprit 21, 1905.] 


to one half grain of metallic copper per 
pound.”’ 

If it be proved that copper sulphate is a 
preservative by reason of its germicidal 
character, then it falls under the general 
rule of preservative substances. 

In this case the findings of the Interna- 
tional Congress of Hygiene and Demog- 
raphy which met at Brussels in September, 
1903, would apply. The third resolution 
adopted by that congress in the section of 
alimentary hygiene is as follows: ‘The em- 
ployment of antiseptics should be prohib- 
ited in the preservation of alimentary 
substances.’ 

Rideal states in his recent work, entitled 
‘Disinfeetion and Preservation of Food,’ 
on page 156, that the soluble salts of copper 
have a distinet poisonous action on bac- 
teria. The coagulated albumen combines 
with most of the organie acids present to 
form non-putrescible salts. They absorb 
sulphur, hydrogen, ammonia and compound 
ammonias and, therefore, combine with 
ptomaines. In facet, copper salts rank 
next to mereury in power as antisepties. 
Kroneke proposed a method for purifying 
water with copper salts in volume 36 of the 
Journal fiir Gasbeleuchtung, page 513. 
He used euprous chloride in connection 
with ferrous sulphate, and, finally adding 
a small quantity of lime, sueceeded in en- 
tirely removing any residual copper. In 
1892 the Freneh authorities decided to 
adopt as their official disinfectant in com- 
bating cholera sulphate of copper. 

These few illustrations are given out of 
many hundreds which might be cited to 
show that in general the opinion of experts 
regarding the presence of copper in food is 
decidedly unfavorable. To state particu- 
larly my attitude respecting the use of cop- 
per in water, it appears that, in the first 
place, only bad water needs treatment, just 
as only bad milk needs to be pasteurized 
or sterilized. I think that it is the general 
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opinion among physicians, hygienists and 
physiological chemists that the pasteuriza- 
tion or the sterilization of milk is distinctly 
prejudicial to the digestive processes and 
should only be practised where greater. dan- 
gers, namely, those arising from infected 
milk, are to be feared. This principle, it 
seems to me, applies also to water. There 
is practically no such thing as pure water 
available for consumption. Water is the 
seavenger of nature and tends to dissolve 
or carry away mechanically all kinds of 
refuse matter. Every spring and stream 
is only a sewer. Nature, however, provides 
means for at least partial purification. 
These means are found in the germs which 
water contains. The activity of such germs 
is beautifully shown in the processes which 
take place in the septic tank. A polluted 
stream, and every stream is more or less 
polluted, is only a septic tank of a different 
character, and the reservoirs which hold the 
waters which supply our cities are also 
septic tanks. To add to water in a reser- 
voir or other container a chemical reagent 
which paralyzes germ activity by coagu- 
lating the protoplasm, or in other ways, 
renders waters powerless for self-purifica- 
tion. There is also another point to be 
kept in view, namely, the possible relaxa- 
tion in care in controlling the water sup- 
plies by the use of a sterilizing agent. Just 
as the milk dealer may fail to wash his eans 
or keep his cows clean, if he uses formalde- 
hyde, so the officials of a city in charge of 
the water supply may fail to care for or 
supervise the purification of the water 
sources if a cheap and efficient sterilizing 
agent can be employed. It appears, there- 
fore, that in most eases a sufficiently pure 
water supply can be secured without the aid 
of a sterilizing agent. If, however, a ster- 
ilizing agent is to be used, there are great 
difficulties connected with its control and 
the universal tendency in such eases is al- 
ways to use it in exeess. This has been 
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illustrated so thoroughly in the case of 
antiseptics in foods that it needs no further 
elaboration. If water for potable purposes 
is sterilized with sulphate of copper the 
actual quantity necessary could only be de- 
termined by most careful observation at 
each time the reagent is used. If too little 
is used the object is not secured. If too 
much, the excess remains in the water. 
Copper is nearly related to those metallic 
substances which produce cumulative ef- 
fects in the system, such as arsenic, mer- 
eury and lead. Careful physiological re- 
searches have shown that minute quantities 
of copper long ingested produce great dis- 
turbances, especially in the liver. It should 
be the object, then, of the health officer to 
furnish water as pure as possible, and, if 
sterilization is necessary, to have it accom- 
plished by means which are not likely to 
introduce harmful substances. There ap- 
pear to be two unobjectionable processes 
capable of being used, one the application 
of heat and the other ozone. 

In fact, in view of the well-known prop- 
erties of copper and its salts in relation to 
electricity, the query may arise whether the 
germicidal effects which have been proved 
to ensue from the introduction of metallic 
copper into ordinary drinking water may 
not possibly be related to the production of 
ozone. Dr. Kraemer has conclusively shown 
the germicidal properties of copper when 
placed in ordinary water. These proper- 
ties must arise either from a solution of 
the copper itself or from the electrical ac- 
tivity developed, including, possibly, the 
production of ozone. If the germicidal 
properties are due to the solution of the 
copper, then there is always danger of 
excessive copper going into solution, thus 
rendering the use of such water objection- 
able. 

One point which has been brought out by 
the papers read to-night is worthy of care- 
ful consideration, namely, that copper sul- 
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phate may be used in quantities sufficient 
at least to kill alge without leaving any 
excess of the copper in the water. If cop- 
per salts can also be used in sufficient quan- 
tities to kill pathogenic germs and the 
residual excess of copper be entirely pre- 
cipitated thereafter, the principal objec- 
tion to the indiscriminate use of copper in 
water would be removed. At any rate, it 
seems to me that it would be preferable 
during times of epidemic, especially, to 
drink water with a little excess of copper, 
rather than to drink water containing the 
germs of typhoid fever. 

The question is one of great interest from 
many points of view, and my particular 
purpose in speaking to-night is to say a 
word of caution against the use of chemical 
germicides and antisepties which may them- 
selves be sources of contamination. 

Copper sulphate is known to be one of 
the strongest disinfectants and was adopted 
as long ago as 1892 as the official disin- 
fectant against cholera by the French au- 
thorities. Disinfectants have their uses, 
as we all know, but they should, if possible, 
be kept out of foods, especially in eases 
where there is no danger of epidemics. 

Mr. M. O. Leighton, hydrographer, Di- 
vision of Hydroeconomies, U. 8S. Geological 
Survey, said: The application of copper 
sulphate to storage reservoirs for the pur- 
pose of destroying alge has been quite thor- 
oughly investigated by several men of good 
standing and it has received sincere endorse- 
ment. I have not, however, until to-night, 
heard any detailed statements concerning 
actual experiments upon its bactericidal 
properties. Until the investigation of Dr. 
Moore was made public, I had always been 
of the opinion that copper sulphate was an 
excellent disinfectant when used in solu- 
tions of a comparatively high concentration, 
and in fact during a period in which I was 
engaged in public health work I made ex- 
tensive use of such solutions in drains, 
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vaults and infected places where crude 
methods were ineffective. That it is highly 
toxic in so extremely dilute solutions seems 
almost beyond belief, yet the experiments 
outlined by the speakers successfully bear 
all the scrutiny which I have been able to 
give them and seem to substantiate all con- 
clusions drawn from them. 

In connection with the application of 
copper sulphate to storage reservoirs for 
the purpose of destroying alge, the possi- 
bility of rendering such organisms more 
resistant to the toxie effects of this sub- 
stance suggests itself. Organisms of this 
low type readily adapt themselves to en- 
vironment and it is a common observation 
among bacteriologists that an organism ean 
be made immune against the toxie effects 
of an amount of substance which under 
ordinary conditions would prove fatal to it. 
This ean be readily accomplished in the 
laboratory by applying to such organisms 
a subtoxie amount of germicide, and if the 
experiment is repeated several times the 
resistance of the organisms to that sub- 
stance can be raised to a surprising degree. 

In discussing certain objections to the 
use of copper sulphate in public water 
supplies, Dr. Wiley has justly observed that 
the zeal of certain poorly informed water 
superintendents will lead them to apply 
more copper sulphate to the water than is 
necessary for the purposes in view, and 
thereby possibly increase the amount con- 
tained in the water to a point at which it 
would have an unfavorable effect upon the 
consumers of that water. The reverse of 
this is also true. It is no easy matter in 
many eases to determine the amount of 
water contained in a reservoir or pond, and 
even the most careful measurements will 
vary oceasionally by fifty and sometimes 
even one hundred per cent. Now if a water 
superintendent like-that mentioned by Dr. 
Wiley should determine in his customary 
arbitrary fashion the amount of water in 
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a reservoir and apply to it a proportion of 
copper sulphate, based upon his incorrect 
estimate of the contents of the reservoir, 
either more or less than is absolutely neces- 
sary will be used, according to the error in 
the estimate. Every time an insufficient 
amount is applied it will undoubtedly have 
the effect of raising the resistance of the 
alge to this germicide and there will come 
a time when it will be impossible to exter- 
minate them without the addition of a pro- 
hibitive amount of the sulphate. 

Dr. Moore assumes that by the addition 
of a proper amount of copper sulphate the 
alge will be driven from a reservoir for all 
time and states that up to the present time 
in no case has the organism been found to 
persist. There is, however, a notable case 
in which a second application has been 
necessary. The work was earried on by 
one of the foremost water biologistseof the 
United States who has given long years of 
study to the microorganisms which give 
offense in public supply. In this case the 
operator possessed an accurate knowledge 
of the amount of water in the reservoir. 


The water was infested with the organism | 


‘Anabena.” One application conducted 
according to Dr. Moore’s directions failed 
to exterminate the organism and a second 
treatment was applied which was effectual. 
Almost immediately, however, the organism 
‘Chlamydomonas,’ which is in some re- 
spects far more objectionable, developed in 
the reservoir, flourishing apparently upon 
the ‘Anabena’ debris, the result being that 
the conditions were far worse than those 
which existed previous to the first applica- 
tion of copper sulphate. This experiment 
indicates that one application is not always 
effectual and that an amount of copper 
sulphate toxie for an ordinary alga may 
not destroy the more uncommon varieties. 

These observations are cited merely for 
suggestion. They do not by any means 
dispute the value of the highly successful 
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work which has been described by the pre- 
vious speakers, nor do they detract in any 
important degree from the usefulness of 
this discovery. They are presented merely 
to show that copper sulphate must be used 
with diseretion, and like all other good 
things it may fail at critical times. 

Dr. A. H. Doty, health officer, port of 
New York, said: As the result of my own 
investigations with sulphate of copper, I 
am convineed of its value in sanitation, 
particularly as a deodorant and for the 
clarification of water when used either 
alone or in combination with lime. So far 
as its germicidal value is concerned, I do 
not believe that at present we are in pos- 
session of sufficient data to present definite 
and satisfactory information on the subject. 
Tests which have already been made at the 
New York State Quarantine Laboratory 
with the typhoid and cholera organisms in 
distilled water, tap water, contents of street 
sewers and broth indicate that the germi- 
cidal value of this agent may equal our 
expectations. 1 have been interested in 
Dr. Moore’s valuable publication relative 
to the purification of reservoir water by 
copper sulphate. During the past summer 
I witnessed practical demonstrations of 
the value of this agent in the direction 
just referred to, and have recently sug- 
gested the use of it in a small reservoir in 
the western part of New York, where the 
water was so offensive by the reason of a 
fishy odor and taste that it could hardly be 
used for drinking purposes. The report of 
the health officer who had the matter in 
charge leaves no room for doubt as to the 
successful result. Within a few days after 
the introduction of the copper in accord- 
ance with Dr. Moore’s suggestion, the of- 
fensive odor and taste of the water had 
disappeared and since that period there 
have been no further complaints. In ex- 
periments which were made during the past 
summer with water containing mosquito 
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larve taken from pools in districts where 
this insect was actively propagated and 
placed in large wooden tanks, I found that 
the copper alone and in combination with 
lime promptly deodorized and clarified the 
contents of these receptacles even when 
large amounts of decomposed organic mat- 
ter were added. However, in these in- 
stances more copper was used, usually 
from five to twelve grains for each gallon 
of water experimented with. Even with 
this amount,—chemiecal examination at the 
end of twenty-four hours failed to detect 
the presence of copper in the clarified 
water. I am satisfied that Dr. Moore’s 
suggestions as to the use of copper in small 
amounts for the destruction of alge, and 
for removing the offensive odor and taste 
which frequently occur in reservoirs, is safe, 
practical, economical and very effective. 
Ilowever, I am unable to endorse the recom- 
mendation made by Dr. Moore as to the use 
of sulphate of copper as a disinfectant in 
reservoirs presumed to contain pathogenic 
organisms, particularly the typhoid bacilli. 
As a result of a sudden and formidable 
outbreak of typhoid fever in a community, 
and in the absence of some known cause, we 
are justified in assuming that the water 
supply, if a common one, is the medium of 
infection, although we rarely have positive 
proof of this as a result of bacteriological 
examinations, There are but few instances 
where the organism has been detected in 
drinking water. Therefore, if present we 
can not as a rule determine when they dis- 
appear. In this there is a great difference 
between the satisfactory results obtained in 
laboratory experiments where we know that 
the bacilli are present, and know when they 
are destroyed. Furthermore, in treating 
the contents of a reservoir we are dealing 
with factors which are not present in ex- 
perimental work. For instanee, the un- 
certainty as to the exact character of the 
media which presumably contain the organ- 
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ism. Reservoirs are constantly receiving 
water which is not always of a certain 
standard; besides, the organic matter also 
varies in amount. This alone would tend 
to throw doubt on the value of sulphate of 
copper in the disinfection of reservoir. 
water, notwithstanding the argument that 
the water may be frequently tested to as- 
certain its contents. It must be remem- 
bered that we have before us for consid- 
eration the use of copper in exceedingly 
minute amounts which may be easily 
neutralized and rendered useless by dif- 
ferent constituents of the water. 

As a matter of fact, the disinfection of 
reservoir water on the occurrence of an out- 
break of typhoid fever is not the most im- 
portant consideration. Our first duty 
should be to aseertain the origin of infee- 
tion, which is not in the reservoir itself, but 
in some way connected with the reservoir 
supply. The most exhaustive inspection is 
frequently required to discover this con- 
tamination, as it is commonly due to mild 
or ambulant eases of typhoid fever which 
have escaped detection or have been mis- 
taken for some other disease. Until we 
have accurately determined the origin of 
infection or have used every effort to do 
so, and if possible have isolated the cases, 
have performed and maintained thorough 
disinfection at the seat of infection, we have 
not properly performed our duties as public 
health officials. In these instances other 
means of preventing the extension of ty- 
phoid fever must of course be employed. 
The character of these depends somewhat 
on the conditions present in each outbreak, 
and it is likely that in this connection the 
sulphate of copper can be used advantage- 
ously. Whatever future investigation may 
disclose as to the value of this agent as a 
disinfectant, I am certain that our present 
knowledge of it does not justify us in de- 
pending upon it in outbreaks of typhoid 
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fever to the extent recommended by Dr. 
Moore. 


Dr. Moore said: In concluding this dis- - 


cussion it does not seem necessary to make 
any further reference to the efficiency of 
copper sulphate and metallic copper. That 
it really does all that is claimed for it at 
tremendously high dilutions seems to have 
been abundantly demonstrated: both by 
laboratory experiments of independent 
workers and by its use in a practical way 
upon a large seale. 

The one point about which there is nat- 
urally the most question is the effect of 
copper upon the human system. It is diffi- 
eult for any of us to abandon any preju- 
dice, whether it has any foundation in fact 
or not, and to expect a universal acceptance 
of the use of a metal which for years has 
been looked upon with fear and distrust in 
this country is out of the question. 

However, since there has been such a 
unanimous expression of opinion from all 
the speakers that they would unquestion- 
ably prefer a copper-treated water to one 
containing alge or typhoid or cholera 
germs, it seems that it may be worth while 
to use the few moments at my disposal in 
an attempt to point out some of the facts 
that are well known regarding the effect 
of copper upon man. For, contrary to the 
idea of some, we have a very large accumu- 
lation of facts along this line, as the result 
of experiment upon the lower animals as 
well as man. 

Certainly, the argument that our daily 
food naturally contains comparatively large 
amounts of copper is not one in favor of 
using the same substance in any quantity 
for the purpose of adulteration or sophis- 
tication. Nor was it intended that a refer- 
ence to this fact should be so interpreted. 
The only point that it seemed desirable to 
make was that since we had such a tre- 
mendous amount of practical evidence, all 
tending to demonstrate the harmlessness of 
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copper, that it could not be the dangerous 
poison popularly supposed. No amount of 
theoretical evidence regarding the innocu- 
ousness of a substance will convinee the 
man who has been made violently ill by 
eating it, and so, on the other hand, the fact 
that we have all been consuming copper for 
years without any known deleterious effect 
is to the average mind a point in favor of 
the harmlessness of minute quantities used 
for specific remedial purposes. The situa- 
tion is well illustrated by the action of the 
English judge who had listened to the con- 
flicting evidence of experts in a case regard- 
ing the use of copper for greening peas 
until he could tell nothing whatever about 
it. Finally he discovered that the brand 
of peas under discussion had been upon the 
market for thirty-six years, and there were 
now sold some 20,000,000 eans per year. 
He then asked the proseeution to produce 
evidence of a single instance of sickness or 
injury which in the remotest way could be 
traced to these vegetables, and as this could 
not be done, he considered the evidence of 
experience so great as to warrant dismiss- 
ing the case. 

Coming directly to the results of experi- 
ments designed to show the effect of copper 
upon man, I ean refer in only the briefest 
way to the large mass of evidence aceumnu- 
lated along this line. For fourteen months 
Gallipe and his family used food contain- 
ing amounts of copper easily determined, 
without any noticeable effect. Kobart’s 
experiments show that an average man can 
take 1 gram of copper per day with per- 
feet safety. This is a thousand times more 
than could be obtained from water treated 
with copper sulphate. Lehmann, Bureq 
and many other careful investigators have 
demonstrated that the ingestion of copper 
even in considerable amounts has no effect 
other than producing results similar to an 
overdose of table salt. Bernatzik deter- 
mined that after entering the stomach only 
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small quantities of copper are absorbed by 
the blood and a toxie action is only possible 
when a considerable amount accumulates in 
the cireulation. Silver, copper and zine 
have almost the same medicinal properties, . 
the difference being that of degree rather 
than kind. These metals differ markedly 
from the other heavy metals, having no 
harmful effect upon the tissues, and pro- 
dueing no fatal functional injury, hence 
they are not poisonous in the same sense as 
are lead, mereury, arsenic, antimony and 
phosphorus. 

Dr. Paull, editor of the Pharmaceutical 
Journal of England, was able to trace 99 
per cent. of the copper as passing away 
from the body and many other investigators 
have established the fact that there is no 
cumulative action with this metal. 

Strange as it may seem, there does not 
exist an authentic case of copper poisoning 
either in this country or abroad. At the 
congress at Brussels, where this subject was 
discussed for more than six months and 
which was attended by the strongest oppo- 
nents of copper there was not a single in- 
stance of copper poisoning which could be 
brought forward that would stand the 
scrutiny of the congress. 

In our own country, those toxicologists 
and physiologists who have given the sub- 
ject sufficient attention to be competent to 
pass judgment are, without exception, 
agreed that copper in the amount used for 
the purification of water is without harm. I 
can not quote these here, but both in pri- 
vate letters and in published statements 
their verdict is in favor of the harmlessness 
of copper. I wish there were opportunity 
to quote at length from these men, but it is 
impossible at this time. It is, perhaps, suf- 
ficient to state that one of the best known 
of these authorities refers to the very point 
that was brought out to-night by one of the 
speakers. That is, that the finding of cop- 
per in the human body is one argument 
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which may be used in demonstrating its 
universal distribution as well as its innocu- 
ousness to man. It is a well-known fact, 
of course, that a great many analyses have 
shown copper present in the body as high 
as forty to fifty parts per million. In the 
flesh of other animals, in milk and eggs, 
copper has been detected in varying quan- 
tities a number of times. 

Finally, the reversal of the opinion of 
those who have such matters in charge in 
other countries is worthy of notice. The 
Italian government now allows 100 mg. per 
kilo in preserved vegetables and the follow- 
ing letter from the Prefecture of Police 
shows the change in position of the French 
Government: 
| Up to the year 1899 the subject of the possible 
bad effects on the health of the people by the 
introduction of sulphate of copper in the prepara- 
tion of preserved vegetables had not been so much 
studied as it has of late, the scientific opinion 
being divided. But since that time the consult- 
ing committee has been renewed, and has again 
taken up the question and passed on the experi- 
ments made by private parties both as to the 
quantity of copper that the human body can con- 
sume without danger to health, and the proportion 
that the various preserved foods that are colored 
green may contain. From these experiments they 
came to the conclusion that there was no longer 
any reason to oppose the system of greening pre- 
served vegetables by means of the salts of copper. 


Consequently it is now allowable in 
France to use salts of copper for preserving 
the green color in food products in any 
amount, although until the harmlessness of 
this metal became known it was forbidden 
to even use a copper vessel for preserving 
purposes. 

After all, the question is not a new one 
in this country, the introduction of Bor- 
deaux mixture as a fungicide some years 
ago necessitating the fighting over of the 
whole subject of the effect of copper upon 
man. At that time one board of health 
ordered tons of grapes that had been treat- 
ed with Bordeaux mixture to be dumped 
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into the water, and it was not until Dr. 
Galloway and others connected with the 
Department of Agriculture at that time, 
showed how impossible it was to do any 
injury with this solution that the popular 
prejudice began to die out. Nowadays no 
one thinks anything about whether the 
fruit he is eating has been treated with 
copper or not. 

The objections to the use of copper sul- 
phate, because careless or ignorant people 
in charge of water supplies might add too 
much, hardly seems to require an answer. 
Since there would be no difficulty in tasting 
the copper long before an amount sufficient 
to cause inconvenience could be consumed, 
and since by the addition of lime we ean 
almost immediately eliminate any excess of 
copper, it would seem that we had as many 
safeguards for this method as for any which 
could ever be introduced. Certainly, the 
danger of mismanagement and fatal error 
is nothing like so great as for sand filtra- 
tion. It might be a good plan to encourage 
any method that would emphasize in any 
way the importance of putting the public 
water supplies of this country into the most 
competent hands possible. That the public 
is unable to detect failures in filtration 
plants until the death rate begins to rise, 
might be urged against this system of 
water purification. Certainly it is time we 
realized that filtration is one of the most 
delicate operations in sanitary science and 
that neglect or ignorance is constantly 
causing a reduction in the efficiency of this 
method. The man who makes public the 
eases of adding unfiltered to filtered water, 
the running of filters at too high a rate, the 
leaks in basins, conduits, ete., and the many 
other defects which are constantly oceur- 
ring with this method may appear to be an 
enemy of sand filtration. In reality he 
would probably do more to compel authori- 
ties to raise this method to the efficient 
place it ought to have, but does not occupy 
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at the present time, and would be of more 
real service to his country than many of 
us are able to realize. 

Any one who has read the published 
accounts of the copper sulphate method as 
devised by the Department of Agriculture 
can not but admit that a most conservative 
stand has been taken regarding it. Over 
and over again is the statement made that 
it was not designed or intended to replace 
efficient methods now in use. The only 
claim made for it by its originators has been 
that it in one case furnishes a remedy for 
a condition previously considered hopeless, 
and in the other emergency 
method, owing to the failure of means al- 
ready in use, it offers the best way of 
quickly, thoroughly and cheaply sterilizing 
a large body of water that has yet been 
devised. 

Copper sulphate is a remedy designed to 
correct a specifie difficulty of great impor- 
tance from the standpoint of comfort and 
public health. Each water supply requires 
a specific prescription and, if properly 
treated, I believe the evidence brought out 
here to-night guarantees a cure. 

Contributions to the discussion were also 
made by Dr. G. Lloyd Magruder, Dr. Geo. 
M. Kober, Dr. Wm. C. Woodward, health 
officer, and Hon. H. B. C. Maefarland, 
president, Board of Commissioners, Dis- 
trict of Columbia. 


case as an 


SCIENTIFIC BOOKS. 


REPORTS OF THE BELGIAN ANTARCTIC EXPEDITION. 
Résultats du Voyage du S. Y. Belgica en 
1877-S-9, sous le commandement de A. de 
Gerlache de Gomery.  Rapports Scien- 
tifiques, publiés aux frais du Gouvernment 
Belge, sous la direction de la Commission de 
la Belgica. Anvers, J. Buschmann, 

1904. 4to, illustrated. 

Additional volumes of the reports of the 
Belgica expedition have reached us as follows: 
Hudroiden von Professor Dr. Cl. Hartlaub 
(September 15, 1904, pp. 1-19, pl. I.-IV.); 
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Nemertinen von Dr. Otto Burger (August 
30, 1904, 12 pp., pl. L-I1.); Poissons par Louis 
Dollo (October 15, 1904, 240 pp., pl. I—XIL.); 
and Observations Météorologiques horaires par 
Henryk Arctowski (August 20, 1904, 201 pp., 
pl. XIII). 

The journal of the Belgica wintering among 
the Polar floes has furnished the first meteoro- 
logical record taken during an entire year 
which has been obtained from the Antarctic. 
It is true that observations, taken at an iso- 
lated spot in a vast area of which the condi- 
tions are unknown, have only a relative im- 
portance, which however will grow with the 
increase in reports from other stations. But, 
as the pioneer in a virgin field, the observa- 
tions possess intense interest to the meteorol- 
ogist. 

The volume contains preliminary chapters 
on the outfit, the special difficulties en- 
countered, the general results, the complete 
record of observations and plates showing 
graphically the automatie records and the re- 
sults displayed as wind-roses, ete. 

Space fails for a complete analysis of the 
conditions encountered, but a few notes may 
be given. The mean annual pressure of the 
atmosphere was 744.4 mm., with a June maxi- 
mum observation of 772.1 and a March mini- 
mum of 711.7. The minimum monthly mean 
occurred in February (735.68) and the maxi- 
mum in June (750.55). The extreme maxi- 
mum diurnal variation was 21.4 mm. in Sep- 
tember, the minimum in the summer months, 
8.6 mm. in December. In examining the 
profile for the year two maxima (June and 
December) and two minima are distinctly in- 
dicated, corresponding to the solstices and 
equinoxes, 

The mean temperature for the year was 
minus 9°.64 C. with a maximum of plus 2°.5 
and a minimum of minus 43°.1. The mean 
diurnal variation was 7°.57 and the maximum 
for a single day 27°.4. 

The winds from the west and east predomi- 
nate markedly over those from the north and 
south. It is noticeable that the northeast and 
and southeast winds were much more common 
than those from the northwest and southwest, 
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though the west winds were slightly in ex- 
cess of those from the east. It is probable 
that further observations are needed to enable 
any sound generalizations to be made. 

The prevalence of clouds was almost con- 
stant, during the period of observation there 
were 5,473 hours of total cloudiness against 
only 901 hours of clear sky. During 82 days 
the sky was totally obscured, while during the 
whole period there were only two days wholly 
clear. It was raining or snowing 23 per cent. 
of the time and foggy 19 per cent. For the 
whole year there were 260 snowy days, but 
only 20 on which rain fell. 

The report on the fishes, after some historical 
notes, discusses them under two heads—Ant- 
arctic, from within the Antarctic circle, and 
Subantarctie, chiefly from the Magellanic re- 
gion. All the Antarctic fishes collected by the 
Belgica expedition are species or types which 
elsewhere belong in water abyssal or of greater 
depth than one hundred fathoms. No pelagic 
or littoral species were taken, and only on one 
or two occasions were specimens which might 
have proved to be surface species observed. 
Attempts at fishing with hook and line in 
moderate depths were unsuccessful, the 
stomachs of seals never and of birds only once 
contained débris of fish. The author notes 
that the expedition on the Southern Cross 
which followed the Belgica in 1898-1900, was 
the first to bring back littoral fishes, as well 
as pelagic forms, the former represented by 
species of Scopelus and Pleuragramma, the 
latter, P. antarticum Boulenger, being the 
most southern fish known up to the present 
time. The expedition on the FHrebus and 
Terror, under Ross, was the first to discover 
and describe a true Antarctic fish, but it is to 
be anticipated that the recent expeditions will 
add largely to the present list. 

The fishes taken by the Belgica belong to 
three families, Nototheniidw, Macruride and 
Raiide, all new, and comprise five species of 
as many genera, represented by specimens 
and egg cases. The latter are supposed to 
represent a new species, of which the fish itself 
Raia arctowskii Dollo, was not obtained. The 
naturalist of the Belgica also collected seven 
Subantaretic fishes, all known forms. The 


SCIENCE. 


625 


author has made of his report a general sum- 
mary of the ichthyology of the Antarctic re- 
gions, with a great wealth of detail and dis- 
cussion of derivaticn, evolution and distribu- 
tion, as well as of the relations of the fauna to 
hypotheses of a former Antarctic continent, 
in which he concludes that all the known facts 
lend themselves to explanation by Osborn’s 
hypothesis.* 

Biirger finds the collection of nemerteans to 
contain four species of Antarctic origin, two 
Amphiporus, a Carinina and a Tetrastemma, 
all new. These are the first of the group to 
be obtained from the region. Cerebratulus 
magelhaensis Biirger and a new Amphiporus 
were also obtained in the Magellanic region, 
and are fully described and illustrated. 

Fourteen Antarctic hydroids were collected, 
of which four are also known from the arctic 
regions. One species each belonged to the 
Haleciide, Campanulinide and Plumulariide, 
three to the Lafoéide, and three to the 
Sertulariide. There were no new genera, but 
of the species nine appeared to be new. Most 
of the specimens were obtained by the use of 
tangles; from relatively deep water, and the 
material was sparse and fragmentary. 


Wm. H. Dati. 


Introduction to Pharmacognosy. By Smiru 
Jevurre, Professor of Pharmacognosy 
in Columbia University. Philadelphia, W. 
D. Saunders. 1904. 8vo. Pp. 275; 74 
figs. 

Pharmacognosy, dealing mainly with the 
same material and using the same methods as 
does plant histology, has long been in need of 
treatment at the hands of one familiar both 
with the pure science and with the needs of 
the modern special student. Admirable works 


on the subject have appeared in other lan- 


guages, but a great lack has existed in Eng- 
lish. The present volume is one for which 
English-speaking students should be thankful. 
The work falls into three divisions, animal 
drugs, vegetable drugs without organic struc- 
ture, and vegetable drugs with organi¢ struc- 
ture. The first division is appropriately small, 
and the last constitutes the major portion of 
* Science, XI., p. 566, 1900. 
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A goodly treatise on each drug is 
to its origin; 


the work. 
found, embracing references 
discussions of its gross structure, microscopic 
structure and features recognizable in its 
powder; and mention of constituent substances 
presént. 

Although no attempt is made to include all 
the drugs, yet few important ones will be 
missed by the student looking for informa- 
tion. 

Excellent original illustrations accompany 
« large number of the descriptions. It is 
to be regretted that these are in some cases 
replaced by inferior mechanical reproductions 
of plates in larger works. 

The discussions are in the main botanically 
correct and the style is fairly clear. The 
treatment of Polygala senega leaves something 
to be desired from the standpoint of anatomical 
accuracy. One wonders a little, too, at such 
expressions as ‘ Therefore the cork cambium 
of the wood bark produces an apparently abun- 
dant periderm,’ and ‘ the nucleus of the young 
plant,’ in speaking of the structure of seeds. 

Imperfections aside, however, it is well 
within the truth to say that this volume is 
the nearest approach which has yet appeared 
towards filling the need of the day in this 
country. 

Cuarces H. Suaw. 

MeEpiIco-CHIRURGICAL COLLEGE 

OF PHILADELPHIA. 


SCIENTIFIC JOURNALS AND ARTICLES. 

Tue January-February number of The 
Journal of Geology, which is the first one of 
Vol. XIII., contains a paper by Professor 
Albrecht Penck, of the University of Vienna, 
on ‘Glacial Features in the Surface of the 
Alps.’ He concludes that “ The actual sur- 
face features of the Alps do not at all cor- 
respond to those of a water-worn mountain 
Their conformation is mostly due to 
ice-action.” Mr. E. B. Branson contributes a 
systematic paper on fish teeth, entitled ‘ Notes 
on Some Carboniferous Cochliodonts, with 
Descriptions of Seven New Species,’ which is 
illustrated by two plates. Dr. Charles P. 
Berkey deseribes the ‘Laminated Clays of 
Grantsburg, Wis. (with Chronological Deduc- 


range, 
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tions),’ which is illustrated by a map showing 
the glacial deposits of that region. Mr. Ed- 
ward M. Shepard gives an interesting account 
of ‘The New Madrid Earthquake,’ accom- 
panied by five figures, and states that ‘ the ele- 
vation and depression of the land in the New 
Madrid region * * * were due to the great 
artesian pressure from below.’ Dr. Charles R. 
Keyes contributes a paper, with five figures, 
on the ‘ Structure of Basin Ranges’ as found 
in New Mexico. Professor Stuart Weller 
contributes a valuable article on ‘ The Classi- 
fication of the Upper Cretaceous Formations 
and Faunas of New Jersey.’ It contains a 
valuable chart showing the equivalence of the 
classifications of Cook, 1868; Clark, 1892- 
1904; Knapp-Kiimmel, 1898-1904; and Weller, 
1905. 


The American Geologist for February con- 
tains, as the leading article, a paper by Dr. 
Alfred C. Lane on ‘ The Coarseness of Igneous 
Rocks and its Meaning,’ illustrated by a plate 
showing the ‘ Luster-mottling in Drill-cores 
of Ophites.’ Professor L. C. Glenn contrib- 
utes a biographical sketch, with portrait, of 
‘Gerard Troost,’ the first state geologist of 
Tennessee. ‘ Notes on Some Rocks and Min- 
erals from North Greenland and Frobisher 
Bay,’ illustrated by a plate showing the banded 
limestone of Frobisher Bay, is published by 
Professor B. K. Emerson. The ‘ Montana 
Gypsum Deposits’ are described by Professor 
Jesse P. Rowe. The deposits are divided into 
the North Field, concerning which little is 
known; the Middle Field, given as of Carbon- 
iferous age; and the South Field, which is 
regarded as in the same formation as the 
gypsum beds of Wyoming and as of Permian 
or Triassic age. The paper is illustrated by 
three plates giving six views of the gypsum 
deposits and a map showing their distribution. 


The Museum News for April, published in 
the interest of the museums of the Brooklyn 
Institute is issued in place of the Children’s 
Museum News and will deal with matters re- 
lating to both the Central and Childrens’ Mu- 
seums. Its object will be to keep the public 
advised of changes in and additions to the col- 
lections, and to note the general work of the 
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museums and advantages offered in the way of 
lectures and material. Among other things 
it notes the formal turning over of the Cen- 
tral Section of the Museum Building on 
Eastern Parkway to the Institute, and the 
opening of the Ethnological Hall. 


Bird Lore for March-April contains articles 
on ‘The Cormorants of Great Lake,’ by T. 
Gilbert Pearson; ‘Mark Catesby,’ by Witmer 
Stone; ‘The Chimney Swift,’ by Guy A. 
Bailey. There is a list of ‘ Bird Lore’s Ad- 
visory Councilors’ and the ninth paper on the 
‘Migration of Warblers,’ by W. W. Cooke, a 
note on ‘The Warbler Book’ and a sketch of 
‘The Worm-eating Warbler,’ by Frank L. 
Burns. There are important book reviews and 
important matter in the section devoted to 
* Audubon Societies.’ In connection with the 
‘Educational Leaflet’ devoted to the ostrich it 
would be interesting to know if any of the 
North African Struthio camelus are to be 
found in eaptivity. All the eggs for sale are 
those of the South African species S. australis. 


The Museums Journal of Great Britain for 
March is a specially interesting number and 
opens with an article by John MacLauchlan 
on ‘Government Aid to Country Museums,’ 
which shows what has been done in Great 
Britain. It is interesting to note in connection 
with the proposed establishment of a ‘ Welsh 
National Library and Museum’ that various 
cities have offered very substantial induce- 
ments in order to have the institution located 
in that particular place. There is a notice 
of David Murray’s three volume work, en- 
titled ‘ Museums, their History and their Use,’ 
and the balance of the number is given over 
to notes of many museums, including a notice 
of the recent appointment of Sir Purdon 
Clarke to the directorship of the Metro- 
politan Museum of Art. The very full diree- 
tory of British museums has advanced as far 
as Portsmouth. 


SOCIETIES AND ACADEMIES. 
THE SAN FRANCISCO SECTION OF THE AMERICAN 
MATHEMATICAL SOCIETY. 


Tue seventh regular meeting of the San 
Francisco Section of the American Mathe- 
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matical Society was held at Stanford Univer- 


sity on February 25, 1905. Fourteen mem- 
bers of the society were present. A number 
of other teachers of mathematics living in or 
near San Francisco attended both of the ses- 
sions. The following papers were read: 


Proressor H. F, Bricnretpt: ‘On a theorem 
due to C. Jordan.’ 

Proressor H. F. Bricurenpt: ‘On the order of 
the collineation-groups in five variables.’ 

Proressor A. W. WuitNeEy: ‘A theorem in the 
theory of probabilities, and its application to 
insurance.’ 

Proressor R. E. Moritz: ‘ A general theorem on 
local probability.’ 

Proressor E. J. WILCZYNSKI: ‘ Projective dif- 
ferential geometry of plane curves.’ 

Dr. W. A. MANNING: ‘On the primitive groups 
of class ten.’ rig 

Proressor G. A. MILLER: ‘ Invariant sub-groups 
of prime index.’ 

Proressor IrRviING STRINGHAM: ‘ A geometrical 
construction for quaternion products.’ 

Proressor A. O. LEUSCHNER: ‘On the general 
applicability of the short method of determining 
orbits from three observations.’ 

Proressor T. J. J. SEE: ‘On the physical state 
of the matter of the earth’s interior, with consid- 
erations on terrestrial geology, and on the compara- 
tive geology of the other planets.’ 


In the absence of their authors the papers 
by Professors Moritz and Wilezynski were 
read by Professors Leuschner and Haskell, re- 
spectively. The paper by Dr. Manning was 
presented by Professor H. C. Moreno. The 
next meeting of the section will be held at the 
University of California on September 30, 
1905. G. A. MILuer, 

Secretary of the Section. 


THE PHILOSOPHICAL SOCIETY OF WASHINGTON, 


Tue 598th meeting was held March 18, 1905. 

Mr. F. B. Littell, of the Naval Observatory, 
read a paper on the ‘ Progress of the Eros 
Solar Parallax Campaign.’ He told in detail 
of the elaborate plans of work, of the numer- 
ous astronomers cooperating in it and of the 
results thus far obtained. Twenty-eight ob- 
servatories furnished 6,600 visual observations 
and thirteen furnished photographic plates; 
of these, 835 have been measured, reduced and 
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published, those from Paris being the best; 
2,100 plates are still unpublished. Each ob- 
servatory publishes its own work and the com- 
bination of the results has been left so far to 
voluntary workers. One computer deduces 
from about 300 plates, taken at nine places, a 
parallax of 8.”7996 + .0021. 

Mr. J. E. Burbank then spoke on _ the 
‘Records of Earthquake Disturbances on 
Magnetographs of the Coast and Geodetic 
Survey.’ Such records oceasionally show dis- 
turbances markedly different from any usual 
magnetic disturbance; thus in the last few 
years some forty of them have been noted at 
Baldwin, Kansas. The speaker had attempted 
to compare all such disturbances found on 
records from half a dozen observatories with 
one another and with simultaneous records of 
seismographs. In spite of marked differences 
in time and duration there is so large a num- 
ber of coincidences in time as to justify the 
belief that they have a common cause in an 
earthquake wave, although the speaker is not 
prepared to present any theory of the phe- 
nomena. Cuartes K. Weap, 

Secretary. 


THE TORREY BOTANICAL CLUB. 


Minutes of a meeting held March 14, 1905, 
at the American Museum of Natural History. 

The first paper on the scientific program 
was by Dr. N. L. Britton, and was entitled 
‘A Botanical Cruise in the Bahamas.’ 

The speaker had just returned from several 
weeks’ exploration in the Bahamas and gave a 
general account of the trip. The numerous 
islands—there are over 2,700 islands, keys and 
projecting rocks—are all of the same general 
type in that they consist of coral limestone. 
The group is so seattered that there is con- 
siderable variation in temperature and rain- 
fall. 

A remarkable feature of the islands is the 
abundant and almost impenetrable thickets 
growing directly out of the rock; in fact there 
is very little soil except that known as ‘red 
land,’ which oceurs in the bottom of sink- 
holes and locally in swales, and the ‘ white 
land’ formed from the crumbled rock either 
disintegrated in place or accumulated as sand 
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dunes. These two formations represent prac- 
tically all the tillable land of the islands. 

Owing to the porous nature of the material 
there are no known permanent fresh-water 
streams, although there are a number of salt- 
water creeks of considerable size. Occasion- 
ally there are fresh-water ponds and marshes, 
mostly of small size. These very local ponds 
and marshes furnish many of the botanical 
novelties. Salt-water ponds which rise and 
fall with the tide are abundant and sometimes 
of large size. 

The Bahamas are very recent geologically, 
the Bahaman uplift being placed not earlier 
than the late Tertiary, so that they offer excel- 
lent opportunities for the study of plant mi- 
gration and evolution. 

The flora is of southern derivation, a large 
number of the known indigenous species being 
common to the near-by and older islands of 
Cuba and Hayti, while many other species are 
closely related to plants from these islands. 
The chief agents in the introduction and dis- 
tribution of the plant population are migra- 
tory birds, supplemented by winds and ocean 
currents. Notwithstanding the geologically 
short period that the Bahamas have been above 
the sea, they have witnessed the evolution of 
numerous species, there being many endemic 
species known and many more which will be 
made known as the result of the recent ex- 
plorations. Many of these, it is believed, will 
prove to be examples of rapid evolution (mu- 
tation). 

Dr. Britton’s observations were followed by 
remarks on ‘ Collecting Alge in the Bahamas’ 
by Dr. Marshall A. Howe. The shores of the 
islands were said to offer a considerable variety 
of physical conditions and to have a marine 
flora which is on the whole varied and rich, 
though apparently less so than that of the 
Florida Keys. The shore lines are usually 
rocky, but there are often stretches of white 
sand which are nearly destitute of alge. The 
tide rises and falls ordinarily from one to 
four feet, but the withering effect of the sun- 
shine is such that few species are found in the 
strictly littoral zone except under shelving 
rocks or where the shore is subject to an al- 
most continuous spraying from the waves. A 
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deeply shaded shelf under a remarkable rock 
overhang on the Cave Cays of the Exuma 
Chain furnished some of the most interesting 
alge obtained on the recent expedition. The 
so-called creeks constitute good collecting 
grounds, especially if well exposed to tidal 
currents, and the roots of the red mangrove, 
which commonly borders such, always harbor 
alge of interest, particularly when standing 
in water that is three feet or more deep at low 
tide. Nearly all the larger islands have brack- 
ish ponds which have a peculiar flora varying 
in character with the salinity of the water. 
Hundreds of square miles in the Bahaman 
region are occupied by the ‘ banks,’ on which 
the water is very shallow, mostly from five to 
twenty feet deep; these banks often consist of 
clean white sand with little visible organic 
life, yet in many places are found, more or 
less abundantly, representatives of such gen- 
era as Penicillus, Rhipocephalus and Udotea, 
growing directly out of the sand, and Micro- 
dictyon, Gymnosorus, Wurdemannia, Lawr- 
encia, Chondria, Herposiphonia and others, 
attached to sponges, corals, sea-fans, etc. In 
the winter and spring months, at least, very 
little is found washed ashore except species of 
Sargassum and their epiphytes. 

The speaker remarked upon the desirability 
of extensive dredging operations in order to 
complete our knowledge of the marine flora of 
the Bahaman archipelago. A few character- 
istic specimens of Bahaman marine alge were 
exhibited. Special attention was directed to 
four species of Penicillus, viz., P. capitatus, 
dumetosus, Lamourouxti and the recently de- 
scribed Penicillus pyriformis. 

Rhipocephalus Phenix and oblongus and 
various species of Udotea, Avrainvillea and 
Halimeda were also discussed. 

Mrs. Britton, who accompanied the expedi- 
tion, spoke more particularly of the flora of 
the island of New Providence, where she spent 
the time collecting while the other members 
of the party were cruising. Several exceed- 
ingly fine photographs of the local scenery 


were exhibited. 
Epwarp W. Berry, 
Secretary. 
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THE CHEMICAL SOCIETY OF WASHINGTON. 

Tue 156th regular meeting was held Febru- 
ary 9, 1905, in the chemical lecture hall of 
the George Washington University. Pro- 
fessor W. R. Whitney, of the research labora- 
tery of the General Electric Company, deliv- 
ered an experimental lecture upon the subject, 
‘ Colloids.’ 

Tue 157th regular meeting was held March 
9, 1905, in the assembly hall of the Cosmos 
Club. 

The first paper on the program was deliv- 
ered by Mr. W. L. Dubois, and entitled ‘ Notes 
on Sulphur Determination.’ 

For the determination of sulphur in foods 
and feces a modification of Newmann’s meth- 
od, consisting of burning the sample with 
sodium peroxid and sodium carbonate, has 
been substituted for Osborne’s method in the 
Bureau of Chemistry. The new method pos- 
sesses these advantages: (1) combustion is 
more satisfactory, cases of incomplete burning 
being rare; (2) many more samples can be 
handled, owing to greater ease of manipula- 
tion; (3) economy of sodium peroxid. 

The most satisfactory lamp tried at the 
Bureau of Chemistry is Barthel’s alcohol 
burner, which may be adjusted from a very 
low flame to a powerful blast. 

The second paper was entitled ‘The Grig- 
nard Reaction,’ and was presented by Dr. C. 
E. Waters. 

This is one of the most valuable methods of 
organic synthesis that has been devised re- 
cently. An organic halide, RX, dissolved in 
ether, is allowed to act upon magnesium turn- 
ings, which dissolve, forming a clear solution 
of RMgX. This solution gives addition-prod- 
ucts with aldehydes, ketones, esters, ketone- 
and hydroxy-acids, with sulphur, selenium, 
oxygen, carbon dioxide and oxychloride, cy- 
anogen, oxides of nitrogen, and other classes 
of compounds. When these addition-products 
are treated with water or dilute acids a num- 
ber of different classes of products are ob- 
tained. By this method we can get primary, 
secondary and tertiary alcohols, ketones, hy- 
droxy-acids, thio- and seleno-compounds, hy- 
droxylamine derivatives, ete. With metallic 
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halides there are formed organometallic com- 
pounds. 

A special meeting of the Chemical Society 
of Washington was held Wednesday, March 
29, 1905, in the chemical lecture hall of the 
George Washington University. At this meet- 
ing an illustrated lecture upon ‘ The Chem- 
istry of Electrochemistry’ was delivered by 
Professor W. D. Bancroft, of Cornell Uni- 
versity. 

A. SEIDELL, 
Secretary. 
THE AMERICAN CHEMICAL SOCIETY. 
CORNELL SECTION. 


At the November meeting of the Cornell 
Section of the American Chemical Society, 
Mr. E. S. Shepherd spoke on ‘ The Importance 
of Physical Chemistry in the Study of the 
Strength of Metals.’ After a brief introduc- 
tion, the speaker traced the development of 
the pyrometric study of alloys and pointed out 
how inexplicable were the results obtained. 
The subject of metallography was discussed 
and it was shown how neither metallography 
nor pyrometry could, unaided, solve the prob- 
lem of the constitution of alloys. It was then 
shown that physical chemistry furnished a 
simple explanation of all the facts observed. 
The equilibrium diagrams for iron-carbon, 
copper-tin and copper-zine were discussed. 
The theory of hardening steel and tempering 
was briefly explained. By means of the tensile 
strength curves the speaker showed what a 
great change in the physical properties of the 
bronzes can be induced by suitable heat treat- 
ment. Quoting results obtained by Shepherd 
and Upton working on a grant to W. D. Ban- 
croft from the Carnegie Institution, it was 
shown that certain bronzes could have their 
tensile strength doubled by heat treatment. 
Thus a bronze containing 81 per cent. of cop- 
per would show a strength of 73,000 pounds 
per square inch if quenched from above 500° 
C. and only about 30,000 pounds per square 
inch when annealed. It was shown how the 
elongation of the 97 per cent. copper bronze 
was 30 per cent. for a quenched bronze and 
only 3 per cent. for the annealed. From these 
and the similar changes in iron and steel the 
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speaker pointed out the very great need for 
equilibrium diagrams as a basis for further 
investigations of the mechanical properties 
of metals. The speaker mentioned the great 
value of metallography, pointed out its limita- 
tions and was of the opinion that it was only 
one of the several essential methods of in- 
vestigation. 

In closing, the speaker discussed the work 
of Beiltry on the surface flow, and hard and 
soft states of metals. The lecture was illus- 
trated by a large number of lantern slides. 

W. S. Lenk, 
Secretary. 


THE ONONDAGA ACADEMY OF SCIENCE. 


At its regular meeting, February 17, the 
academy elected the following officers: 

President— Professor T. C. Hopkins. 

Vice-President—J. D. Wilson. 

Recording Secretary—Philip F. Schneider. 

Corresponding Secretary—J. FE. Kirkwood. 

Treasurer—Mrs. L. W. Roberts. 

Councilors—A. M. Reese and E, N. Pattee. 

Professor W. M. Smallwood presented the 
following facts concerning a tumor in the 
kidney of a frog: 

During the past semester in one of the 
elementary courses in the university while 
dissecting the frog it was noticed that the 
kidneys of one were abnormally large and ir- 
regular in shape. They were at once fixed in 
Carnoy’s fluid and subsequently studied with 
some care. The kidneys were about four 
times as large as the normal kidneys and 
showed no evidence of the presence of the 
adrenal in its normal position. <A study of 
the cytology revealed the presence of a tumor 
resulting from the abnormal growth of the 
adrenal tissue. A comparison of these con- 
ditions with available human adrenal tumers 
showed a very striking agreement not only 
in the general arrangement of tumor tissue 
to the kidney tissue, but also in the finer de- 
tails of structure. This agreement is so 
striking as to leave no doubt but that the 
pathological conditions in the frog are to be 
characterized as an adrenal tumor. It is 
interesting to note that similar results obtain 
in such widely different animals as the frog 
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and man. A full report will appear soon in 
one of the current journals. 


Ar the meeting on the evening of the seven- 
teenth of March Mr. E. D. Congdon addressed 
the meeting on ‘Some Zoological Impressions 
of the Bermudas.’ Mr. Congdon’s abstract of 
his report follows: 

In company with some thirty other students 
of biology, I had the pleasure of spending part 
of the summer of 1903 at the Bermuda Biolog- 
ical Station. We were under the supervision 
of Dr. E. L. Mark, of the Harvard department 
of zoology, and Dr. Bristol, of New York Uni- 
versity. We were comfortably lodged at 
Hotel Fraseati on the outlet of Harrington 
Sound, midway in the southern shore of the 
island. No spot could have been found more 
accessible to the good collecting grounds of 
the beach, the reefs and the sound. The 
steam launch and the ecarryalls supplied trans- 
portation to the places chosen for each day’s 
exploration. The trips were so planned as to 
include all of the diverse collecting grounds 
of the islands. Those who were investigating 
particular subjects were aided in every way to 
find the material they required. 

Time was about equally divided between 
the reefs and the beach. The whiteness of 
the coral sand and the clearness and warmth 
of the water made the search easy and alto- 
gether agreeable. Among other interesting 
forms, Balanoglossus occurs in restricted lo- 
calities along the beach. The dredge brought 
up from the bottom of Harrington inlet a 
goodly amount of Amphioxus. Mollusca are 
well represented in species and individuals 
and include four classes. An Aplysius, a 
tectibranch devoid of shell, could be found by 
scores in sheltered coves. Sometimes when 
disturbed they emit a violet fluid which may 
well serve as a protection, as it diffuses through 
the water. An exciting encounter with an 
Octopus vulgaris occurs to mind. It resented 
the advances of a too inquisitive biologist by 
jerking an oar from his hand. It finally es- 
caped by its power to imitate the exact shade 
of any brown or gray rock upon which it comes 
to rest. The grouper, a common Bermuda 
fish, shows a similar ability to adapt its color 
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to that of its surroundings through a consid- 
erable range of colors. 

The Celenterata are the most characteristic 
group of animals along shore. The Bermuda 
anemone, Actinia mesembryanthemum, at- 
tracts collectors by its large size and the 
beauty of its variable coloring. In restricted 
localities where there is considerable tidal cur- 
rent the hydroids Hudendrium ramosum and 
Pennaria tiarella are abundant. A small and 
beautiful Hudendrium previously unrecorded 
was found in a single cove on the south shore. 
Including the forms which come in on the 
drifting Sargassum, at least eighteen species 
oceur. The beaches of coral sand are dotted 
with corals of the genera Isophyllia, Mewandra 
and others. 

The life of the coral reefs is abundant and 
beautiful. One would not suspect that Ber- 
muda is the northernmost of coral islands. 
The Gorgonia, Porites, Millepora, Oculina, to- 
gether with ascidia, sponges and alge furnish 
bright and contrasted colors. Movement is 
given to the coral gardens by the reef fishes 
with their predominantly blue, black and yel- 
low coloring. 

A series of small round half submerged 
islands occurring along the south shore are of 
organic origin. Their substructure is of coral 
sandstone and is honeyeombed by the waves. 
Their surfaces have been encrusted by the 
tubes of Serpule, which in the course of 
growth have given the islands their charac- 
teristically round form. The waves of the 
open Atlantic pouring into their cavities 
render fitting their local name, ‘ the boilers.’ 
Though difficult of access in the quietest sea, 
they well repay the attention of the collector. 

Thirty miles south of Bermuda lie banks 
described but not explored by the Challenger 
expedition. Two days of intense interest were 
spent fishing and dredging over this virgin 
territory. Fish were so abundant as to rob 
their capture of half its zest. The typical 
blue coloring of the surface fish fauna was 
noticeable. The red snapper and a few otlier 
fishes suggested the coloring of the zone of 
rose red alge. 

The dredge brought up among alge, echino- 
derms and hydroids two specimens of the 
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spotted moray. Perhaps the most interesting 
things which came from the surface of the 
banks were a number of calcareous spheres 
three or four inches in diameter. They were 
composed of thin concentric layers and were 
apparently of organic origin. Further than 
this no explanation of their origin was forth- 
coming. 

Alfred Russel Wallace has pointed out how 
typical the Bermudan terrestrial fauna is of 
an oceanic island. Only three indigenous 
vertebrates are present otherwise than birds. 
It is significant that the only mammal is 
winged, a bat. He expresses surprise at the 
small number of insects described. Since the 
‘publication of his book the list has been 
swelled to over three hundred. That a con- 
siderable proportion are not indigenous is evi- 
dent from the fact that twenty species were 
found en route for Bermuda on one ship sail- 
ing from New York. The gulf stream flow- 
ing within one hundred miles to the west of 
Bermuda, the drift of the surface water from 
the south and west, and the West India hurri- 
canes were no doubt the important agents in 
bringing animal life from the North Amer- 

J. E. Kirkwoop, 
Corresponding Secretary. 


ican continent. 


THE ELISHA MITCHELL SCIENTIFIC SOCIETY OF 
THE UNIVERSITY OF NORTH CAROLINA. 

Tue 159th meeting of the society was held 
in the chemical lecture room, Tuesday, 7:30 
p.M., March 14, 1905. The following papers 
were presented: 


Proressor A. S. WHEELER: ‘ Normal Paper.’ 
Proressor W. C. Coker: ‘The Mutation Theory.’ 
Proressor J. E, ‘Chemical Affinity: A 
Method for Distinguishing Chemical Energy from 
Simultaneous Physical Energy Changes.’ 
S. WHEELER, 


DISCUSSION AND CORRESPONDENCE. 
NATURAL MOUNDS. 


In Dr. Brauner’s interesting article on 
‘Natural Mounds’ in Scrence for March 31, 
he mentions the fact, in connection with the 
distribution of these mounds in the Mississippi 
Valley, that they follow up the valley of the 
Arkansas and of the Neosho rivers across 
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Indian ‘Territory into southeastern Kansas, 
These mounds are exceedingly abundant in 
southwest Missouri also. They are a char- 
acteristic feature of the landscape in Lawrence 
County, Mo. (second tier of counties from 
Kansas and from Arkansas), where the writer 
lived for many years. They are abundant 
both in the timber and on the prairies, but are 
more noticeable on the prairies because of the 
fact that on them the prairie grasses give place 
to taller forms of vegetation. Before the 
lands were put in cultivation these mounds 
were from one to three feet high, and usually 
twenty to thirty feet in diameter. On newly 
reclaimed land crops grow much more lux- 
uriantly on the mounds than elsewhere. Corn 
is usually the first crop planted on new lands 
in that section, and it is usual for corn on 
mounds to grow nearly twice as tall as on sur- 
rounding areas the first year. This difference 
in growth gradually disappears as cultivation 
continues. 

These mounds have probably originated 
from different causes in different regions. In 
southwest Missouri their origin is probably 
due to the following cause: The soil of the 
region has been formed from the decay of the 
great sub-carboniferous limestones. Where 
these strata are exposed in cliffs there may 
occasionally be found concretions of flint sev- 
eral feet in diameter. The flint is broken into 
rather small fragments, which fall apart more 
or less when the surrounding limestone dis- 
integrates into soil. The flint resists dis- 
integration far greater than the limestone. 
These masses of flint fragments later become 
ptominent as mounds by the more rapid de- 
nudation of the surrounding soil containing 
comparatively little flint. This theory is 
strengthened by the fact that the material 
forming the mounds to a depth of several feet 
consists very largely of small flint stones. 

W. J. 

U. S. DEPARTMENT OF AGRICULTURE. 


SPECIAL ARTICLES. 
AN ALTERNATIVE INTERPRETATION OF THE ORIGIN 
OF GYNANDROMORPHOUS INSECTS. 


Tue occasional occurrence in the groups of 
ants, bees, wasps and butterflies of individuals 
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that show male characters in certain parts of 
the body and female characters in other parts 
—the so-called gynandromorph condition— 
has long been known, and several suggestions 
have been made to account for the result. 
The view recently proposed by Boveri has met 


| / 
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with the most favor. Before stating this view 
it may be well to recall that in bees it is gen- 
erally admitted that unfertilized eggs give rise 
to male individuals (drones) as a rule, while 
fertilized eggs give rise to females (queens or 
workers). Boveri has suggested that the 
gynandrous condition may be due to the 
spermatozoon failing to unite with the egg 
nucleus, but subsequently pairing with one of 
the products of its first division, as shown in 
diagram A. If a union of this sort should 
occur, all of the cells that are derived from 
the paired nucleus might be expected to give 
rise to female characters (as in the case of the 
fertilized egg); while all the cells that come 
from the unpaired half of the nucleus might 
be expected to produce male parts. Hence 
the individual that develops from such an egg 
might be expected to show the characters of 
the two sexes combined in different ways ac- 
cording to the positions of the descendents of 
the two kinds of cells. On purely theoretical 
grounds I offer an alternate hypothesis which 
will explain the facts equally well. More- 
over, if this view, rather than Boveri’s, should 
prove to be the correct one it will furnish im- 
portant data in regard to the value of the 
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spermatozoon in determining the sex of the 
bee. I venture to suggest this alternation, es- 
pecially, as the two views can be put to the 
test of actual observation by any one in posi- 
tion to obtain the necessary material; and also 
because the possibility of this interpretation 
appears to have been entirely overlooked as an 
explanation of gynandromorphism. I suggest 
in brief that the results may be due to two 
(or more) spermatozoa entering the same egg, 
one only fusing with the egg nucleus, and the 
other not uniting, but developing without 
combining with any parts of the egg nucleus, 
as shown in diagram B. The products of 
division of the paired nucleus will account 
for the female parts of the embryo, while the 
products of the division of the single sperm 
nucleus will account for the male characters 
of the other parts. The assumption of 
polyspermy on my view is not arbitrary, for it 
has been often described for the bee and 
other insects, and seems to be of frequent oc- 
currence. As a rule it appears that the 
spermatozoa that do not unite with the egg 
nucleus fail to develop, but under exceptional 
eases they may do so. In fact, several cases 
of ‘male parthenogenesis’ in other forms have 
been described in recent years. 

It will be observed that on Boveri’s hypoth- 
esis the male characters will be derived from 
the egg nucleus, while on my view they will 
come from the unpaired sperm nucleus. If, 
therefore, a queen of one race and a drone of 
another should produce one of these gynandro- 
morphs we ought to be able to decide which 
of these views is correct; for, on Boveri’s 
hypothesis, the male characters of the gynan- 
dromorph would be those of the race to which 
the mother belongs, while on my view they 
would be those characteristic of the race of 
the father. Thus if an Italian queen-bee 
were to be fertilized by a German drone and 
a gynandromorph produced, the male parts 
should be Italian on Boveri’s view, and Ger- 
man on mine.* 

*T am aware, of course, of the prolonged dis- 
cussion that has taken place in regard to the char- 
acter of hybrid bees, but despite these difficul- 
ties the test might still be made, especially as the 
drones are generally described as purely paternal. 


634 


Von Siebold had in fact a case of this sort 
in the famous Eugster hive from which he 
obtained his material. Unfortunately his 
statement in regard to the racial characters of 
the gynandromorphs is obscure. The follow- 
ing quotation is the only reference that he 
has made to the racial characters of these 


bees. 


Die fiinf Jahre Kénigen dieses Stockes war eine 
reine Italienerin und hatte nichts Auffallendes an 
sich. Sie musste sich mit einer deutschen Drone 
begattet haben, da sich ausser reinen italienischen 
Arbeitern auch noch viele Bastardarbeiter von 
verschiedener Abstufungen in demselben Stocke 
befanden, wiihrend die Drohnen dieses Stockes ihre 
reine italienischen Abkunft verriethen. Auch die 
Zwitterbienen [gynandromorphs] dieses Stockes 
besassen die Fiirbung der italienischen Race; doch 
war dieselbe unter dem Einflusse der deutschen 
Race hier und dort getriibt worden. 


In addition to the interest of determining 
which of these alternative views is the true 
explanation, there is, as I have pointed out, 
an implication in my hypothesis of more gen- 
eral importance. On my view the sperm- 
nucleus alone produces male characters, just 
as the egg nucleus alone produces male char- 
acters. If established, therefore, my view 
would show that in the bee the male and the 
female nuclei are exactly equivalent as sex 
determinants. Alone, either produces male 
characters, united in the same nucleus, they 
give rise as a rule to female characters. The 
results appear, therefore, to be quantitative 
and not qualitative. From this point of view 
the male nucleus is not the bearer of the 
female sex-characters (although both sexual 
characters may be latent in each nucleus), 
but combined the two nuclei give the char- 
acters of the female. 

It is far from my intention to set one of 
these hypotheses over against the other, and 
to attempt to weigh their relative merits on 
the grounds of probability. I have raised the 
question not to invite discussion, but to appeal 
to those who may have an opportunity to ex- 
amine gynandromorphs from mixed hives. 
Neither do I wish to appear to be propounding 
a theory of sex-determination, that will apply 
to other cases in which other factors than 
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fertilization appear to determine the sex of 
the individual. 

In the group of Lepidoptera it may seem at 
first sight that neither Boveri’s view nor my 
own can explain the occurrence of gynandro- 
morphs, because it is not the rule here that 
unfertilized eggs produce males, although this 
sometimes occurs. The discrepancy is more 
apparent than real, for, even if female butter- 
flies develop from parthenogenetic eggs, as 
a rule, the same explanation used for the bees 
can mutatis mutandis be applied. If, for ex- 
ample, the egg nucleus alone, or the sperm 
nucleus alone, produces female characters 
then on Boveri’s view when the sperm nucleus 
unites with one of the products of the first 
division of the egg nucleus the resulting cells 
may also happen in some cases to produce 
male characters (just as some of the fertilized 
eggs become males). The other half of the 
first division produces a female, on the theory, 
and a gynandromorph results. Under such 
circumstances the female side of the indi- 
vidual would show the character of the race 
to which the mother belonged, if a hybrid 
gynandromorph should be produced. If on 
the above assumption the united male and 
half female nuclei should produce a female 
instead of a male then both sides would be 
female, and there would be nothing externally 
to indicate that such an individual was dif- 
ferent from an ordinary female. On my view 
also a formal explanation can be offered for 
the lepidopterous gynandromorphs. If the 
united nuclei should happen to produce male, 
and the single sperm nucleus should give rise 
to female characters a gynandromorph would 
result. In a hybrid of this kind of individual 
the female characters would be paternal. If 
the united nuclei happen to produce a female 
(since fertilized eggs may produce either 
males or females), and the sperm nucleus 
also produces a female, then both sides will be 
superficially alike, and nothing would indicate 
that such a female individual had had an 
abnormal origin.* T. H. Moraan. 

COLUMBIA UNIVERSITY. 


*If male-determining and female-determining 
spermatozoa exist the gynandromorphous condition 
in the bee might also be accounted for on the 
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SOLAR ECLIPSE OF AUGUST 

29-30, 1905.* 

Tue path of the shadow of the moon during 
the eclipse of August 29-30, 1905, is con- 
veniently accessible at several points; that 
fact, together with the large duration for to- 
tality which for the maximum is 3 minutes 
45 seconds, renders the observation of this 
eclipse desirable. 

A brief sketch of the location of the path 
of the shadow will show the comparative ac- 
cessibility of the different parts. In general 
the width of the shadow path is approximately 
120 geographic miles. 

‘The moon’s shadow strikes the earth at sun- 
rise in the province of Manitoba near the 
south end of Lake Winnipeg. The shadow 
sweeps eastwardly through the British posses- 
sions, passing over the southern part of James 
Bay and the peninsula of Labrador, and enters 
the Atlantic Ocean about 100 miles north of 
the eastern entrance of the Strait of Belleisle, 
which separates Labrador from the island of 
Newfoundland. After leaving the American 
coast no land is met by the shadow until it 
reaches the north coast of Spain, where the 
middle of the shadow crosses the coast line 
about 100 geographic miles west of the city 
of Santander and sweeps southeastwardly 
across the Spanish peninsula, leaving Madrid 
ground that a male spermatozoon as well as a 
female spermatozoon has entered the egg, the lat- 
ter alone fusing with the egg nucleus. It might 
appear that a count of the number of the chromo- 
somes in the male and female parts of the body of 
the gynandromorph would give an answer to the 
problem; for, on Boveri’s view, the female-half 
might be expected to contain twice as many 
chromosomes as the male-half of the body. On 
my view the same condition might be expected, 
but if Petrunkewitsch’s observations are correct, 
there is a doubling of the chromosomes in the 
later stages of the drone egg, and possibly the 
same increase in the number of chromosomes 
might happen in the descendants of the single 
sperm nucleus or the half egg-nucleus. The con- 
ditions were too uncertain to make an appeal of 
this sort of any value at present, and the other 
test that I have suggested offers apparently a 
simpler and safer means of reaching a conclusion. 

*Cireular of the U. S. Naval Observatory, 
March 18, 1905. 


THE TOTAL 


SCIENCE. 


635 


about 40 miles and Valencia about 2 miles 
distant from the southern edge and outside of 
the shadow path. Some of the cities within 
the limits of the shadow path are Leon and 
Burgos, not far from the central line, Valla- 
dolid, near the southern edge, and Zaragoza, 
near the northern edge, while the old city of 
Sagunto lies about 20 miles within the south- 
ern edge. The numerous railroads passing 
into and through the shadow path afford a 
means of access to observing stations from 
ports on the Bay of Biscay or the Mediter- 
ranean Sea. 

After leaving the Spanish coast the shadow 
sweeps over the Columbretes, a group of small 
islands, close to the central line and about 
40 miles from the coast. The Columbrete 
Grande, the largest of these islands, is less 
than a half mile long and rises to an elevation 
of 262 feet above the sea. This island is 
crescent-shaped and affords an anchorage pro- 
tected in every direction except the northeast. 

About sixty miles farther southeast the 
shadow passes over two islands of the Balearic 
group—lIvica, just within the southern edge, 
and Majorca, within the northern edge—but 
the only satisfactory harbor is the port of 
Palma, on the southern shore of Majorca and 
about 40 miles north of the central line. 

After crossing the Mediterranean Sea the 
shadow strikes the African coast about mid- 
way between the cities of Algiers and Tunis. 
A railway line not more than 60 miles from 
the coast, connecting the cities of Algiers and 
Tunis, has various branches, by means of 
which observing stations may be reached at 
any desired distance from the central line of 
the shadow path. 

In the vicinity of the shadow path several 
ports are available for landing. The port of 
Bona is located about 230 geographic miles 
east of Algiers and about 120 miles west from 
Tunis. It is supplied with a fine artificial 
harbor of 195 acres with an inner basin of 25 
acres. This port is now one of the best and 
safest on the Mediterranean coast. It is vis- 
ited annually by about 3,000 vessels and en- 
joys telegraphic communication with Mar- 
seilles and regular steamship connections 
with France, Algiers and Tunis. 
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The port of Benzert, on some maps called 
Bizerta, is located about 50 miles northwest 
from Tunis. The harbor facilities of Benzert, 
which are naturally very good, have been of 
late years very much improved by the French 
government by dredging and by protective 
works in order to make it the location of an 
extensive naval station. As a harbor it is 
very commodious and accessible to large ves- 
sels. It is connected with the railway system 
and is the terminus of a submarine cable. 

The port of Tunis is inferior in harbor 
facilities to either Benzert or Bona, and need 
not be considered as a landing-point. 

From this region the shadow path proceeds 
southeastwardly across the desert into Egypt, 
where it crosses the river Nile in the neighbor- 
hood of Assonan. The total phase occurs here 
something more than one hour before sunset. 
The shadow leaves the earth in central Arabia. 

Some of the points to which the attention 
of astronomers will be directed may be briefly 
stated as follows: 

(a) The Relative Position of the Sun and 
Moon at the Time of the Eclipse-——The an- 
gular distances between the centers of the sun 
and moon may be derived from observations 
of the four contacts, by visual or by photo- 
graphic methods. This necessitates an accu- 
rate determination of the latitude and longi- 
tude of each observing station, which neces- 
sarily consumes a large amount of time and 
labor, and demands the use of a special instru- 
mental outfit. 


Since the position of the moon is so well . 


cared for by meridian observations, and since 
the additional data derived from contact ob- 
servations is small in quantity and of a dis- 
tinetly lower grade in quality, it follows that 
contact observations should be considered of 
secondary importance compared with the work 
in other lines. 

(b) The Search for Intra-mercurial Planets. 
—Hitherto photographie searches for intra- 
mercurial planets have been made with incom- 
plete apparatus or have been interfered with 
seriously by clouds. 

In this eclipse it is highly important that 
a photographie search be prosecuted at two or 
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three widely separated stations with very com- 
plete apparatus. 

(ce) The Corona.—The corona should be pho- 
tographed with long focus lenses to obtain 
large scale pictures of the inner corona, and 
with short focus lenses for pictures of the 
corona as a whole embracing its ultimate ex- 
tensions. It would be well to locate the 
parties at a number of widely separated sta- 
tions, and Professor Campbell, director of the 
Lick Observatory, suggests the use of lenses 
of a standard aperture and focal length, say 
five inches aperture and forty feet focus, to 
furnish data for studying changes in the 
corona as the shadow sweeps over the earth. 


The work on the corona should be consid- 
ered of the highest importance. 

(d) Spectrum Work.—All the facilities 
available to the astronomy of the present day 
for photographing the spectrum of the revers- 
ing layer, the chromosphere, the prominences 
and the corona, should be used to their utmost 
capacity in the coming eclipse. On account 
of lack of light the slit spectroscopes used will 
be confined to a few special problems, leaving 
the great bulk of the work to be executed by 
objective spectrographs, using either gratings 
or large prisms. 

It is also suggested that a number of spec- 
trographs be employed to determine the ac- 
curate wave-length of the principal coronal 
line. 

The spectrum work should be considered of 
equal importance with that on the corona. 

(e) Photometry; Shadow Bands.—Of sec- 
ondary importance are photometric observa- 
tions and observations of the character of the 
so-called shadow bands. 

(f) Polariscopie Work.—Polarisecopie and 
polarigraphic work should be well cared for 
with increased facilities for accurate work. 

Polariscopie work should be considered of 
importance nearly equal to that on the corona 
and the spectrum. 

(g) Meteorology.—The meteorological con- 
ditions existing at the several stations, espe- 
cially during the progress of the eclipse, — 
should be observed by means of the best self- 
recording instruments. 
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This should be considered the most impor- 
tant of the secondary work. 

At the present time it is not possible to note 
many details in reference to the location of 
the various parties intending to observe this 
eclipse, but it is reasonably certain that the 
observers will be quite well distributed over 
the aecessible portions of the path. 

The Canadian government expects to locate 
a party on the coast of Labrador, about 100 
miles north of the Strait of Belleisle. 

The Indiana State University announces its 
intention to locate a party in Spain. 

The German government has asked permis- 
sion of Spain to land a party on the Colum- 
bretes islands. 

One English party will probably locate near 
Palma on the island of Majorca, one of the 
Balearic group. 

Other English parties will undoubtedly lo- 
cate in Spain. 

Professor Campbell has announced that, 
through the liberality of Mr. William H. 
Crocker, the Lick Observatory will send out 
three different parties for observing this 
eclipse, one of which will be located on the 
coast of Labrador, a second in Spain and a 
third in Egypt. 

The director of the observatory of Pulkowa, 
Dr. Backlund, has indicated his intention to 
equip two observing parties. 

Under an appropriation of $5,000 by Con- 
gress, the Naval Observatory will undertake 
the observation of this eclipse and will equip 
an expedition. The U. 8S. S. Columbia and 
the U. S. S. Caesar, vessels detailed by the 
Navy Department, will carry to ports near 
the observing stations the expeditionary force, 
which will consist of the following: Rear- 
Admiral C. M. Chester, U. S. N., superin- 
tendent Naval Observatory, in charge of the 
expedition, with about seven members of the 
staff of the Naval Observatory. Mr. L. E. 
Jewell, of Johns Hopkins University; Dr. S. 
A. Mitchell, of Columbia University, and Dr. 
N. E. Gilbert, of Dartmouth College, have 
accepted invitations to participate in the work 
of observation. Professor F. H. Bigelow, of 


the U. S. Weather Bureau, will accompany 
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the expedition and have charge of its meteor- 
ological work. 

The equipment for three observing stations 
is being prepared, the more important ele- 
ments of which are as follows: 

1. A station near the central line, possibly 
on one of the islands of the Columbretes 
group off the east coast of Spain; a horizontal 
photographic telescope 5-inch aperture and 
40-foot focus; a photographic telescope 8.5- 
inch aperture and 12-foot focus; a 6-inch Dall- 
meyer camera, 36-inch focus; a portable tele- 
scope for contact observations; several grating 
spectroscopes; spectral photometric apparatus; 
meteorological apparatus. 

2. A station 10 to 15 miles within the edge 
of the shadow path, probably near Valencia; 
a horizontal photographic telescope 7.5-inch 
aperture and 65-foot focus; a prismatic spec- 
trograph; a photographic telescope 9.6-inch 
aperture and 14-foot focus with color screen; 
a 6-inch Dallmeyer camera 40-inch focus; a 
portable telescope for observing contacts; a 
grating spectrograph; meteorological appa- 
ratus. 

3. A station near the central line, probably 
near the line of the railroad from Tunis to 
Algiers in Africa; a horizontal photographic 
telescope 5-inch aperture and 40-foot focus; 
a photographic telescope 7-inch aperture and 
114-inch focus; a 6-inch Dallmeyer camera 
40-inch focus; a portable telescope for observ- 
ing contacts; a concave grating spectrograph; 
a chronospectrograph; polariscopic apparatus; 
meteorological apparatus. 

Each station will be supplied with instru- 
ments for determination of time. Where tele- 
graphic facilities are available the stations 
will be supplied with chronographs and port- 
able transits for the determination of the 
difference of longitude. 

The location of the Naval Observatory sta- 
tions can not be finally settled until the local 
conditions are personally examined, but those 
mentioned above are especially indicated as 


desirable stations to occupy. 
C. M. CuHester. 


Rear-Admiral, U. S. N., 
Superintendent Naval Observatory. 
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SCIENTIFIC NOTES AND NEWS. 

By order of the president of the American 
Association for the Advancement of Science 
the spring meeting of the council was called 
to meet at the Cosmos Club, Washington, on 
April 20, at 4:30 P.M. 


Tue following appropriations have recently 
been made from the Rumford Fund of the 
American Academy of Arts and Sciences: To 
Professor Charles B. Thwing, of Syracuse 
University, $150 in aid of his research on the 
thermo-electromotive force of metals and al- 
loys: to Dr. Harry W. Morse, of Harvard Uni- 
versity, $500 in aid of his research on fluor- 
escence. 

Sir Wititram Ramsay has been elected a 
member of the Atheneum Club under the rule 
for the annual election of nine persons ‘ of 
distinguished eminence in science, literature, 
the arts, or for publie services.’ 

Tue University of Edinburgh has conferred 
its doctor of laws on William Watson Cheyne, 
C.B., professor of surgery, King’s College, 
London; John Hughlings Jackson, M.D., 
F.R.S., London; Augustus D. Waller, M.D., 
F.R.S., director of the physiological labora- 
tory, University of London; Colonel Sir 
Frank FE. Younghusband; and George A. 
Gibson, professor of mathematics, Glasgow 
and West of Scotland Technical College. 


Tue German Society of Apothecaries will 
commemorate the hundredth anniversary of 
the discovery of morphine by Dr. Seetiirnerby, 
erecting a tablet on the house in which he 
lived at Hamelu, Hanover. 


Proressor Huco Minsterserc, of Harvard 
University, has declined the offer of a chair of 
philosophy, tendered to him by the University 
of Kénigsberg. 

Presipent Ensot, of Harvard University, 
who has been in Europe since the latter part 
of January, expects to arrive in Boston on 
April 22. 

Proressor Epwin J. Conkuiy, of the Uni- 
versity of Pennsylvania, has gone to the 
Marine Biological Station of the Carnegie 
Institution at the Dry Tortugas to carry on 
research work. 


SCIENCE. 


[N. 8. Vor. XXI. No. 538. 


Proressor E. B. Van Vuieck, who holds the 
chair of mathematics at Wesleyan University, 
will spend next year abroad. 

Dr. C. J. Martiy, director of the Lister 
Institute, London, has been sent to India to 
investigate the plague. It is understood that 
with several bacteriologists he will carry on 
work at Kasauli. The deaths from the plague 
in India average more than 30,000 a week in 
spite of all efforts which have been made to 
check its ravages. 

Dr. Oxtver L. Fassia, associate in meteorol- 
ogy at the Johns Hopkins University and 
local director of the United States Weather 
Bureau, will shortly leave as the representa- 
tive of the Weather Bureau and of the Na- 
tional Geographie Society of Washington, to 
search for the Ziegler exploration party, sent 
out in 1908 to find the North Pole. 

Dr. W. C. Farasee, of the anthropological 
department of Harvard University, will con- 
duct an expedition to Iceland during the 
present summer. Professor T. A. Jagger has 
given up his proposed expedition to the island. 

Proressor U. S. Grant, of Northwestern 
University, and Professor R. S. Tarr, of Cor- 
nell University, are among those who will 
carry on work in Alaska during the present 
summer under the auspices of the U. S. Geo- 
logical Survey. 


Dr. J. Paut Goong, of the University of 
Chicago, spent the Easter vacation week in 
a tour of the leading cities of Kentucky, 
making addresses in the interest of forest con- 
servation. 


Revuter’s Acency is informed that Major 
Powell Cotton is making satisfactory progress 
with his expedition from the Nile to the Zam- 
besi, on which he started in December last. 
The explorer, who is in excellent health, was 
leaving the Lado enclave for his journey into 
the Congo forest and towards the Zambesi at 
the end of February. He has secured speci- 
mens of most of the species of game to be 
found in the district, and has preserved com- 
plete skins of both elephant and the rare 
northern white rhinoceros. Of the latter, one 
specimen only has ever reached Europe. 


21, 1905.] 


Proressor Hans Meyer, of the University 
of Vienna, has aeeepted the invitation to de- 
liver the Herter lectures at Johns Hopkins 
(niversity on October 5 and 6. His subject 
will be, ‘The Physiological Results of Phar- 
Research,’ 


Tueree lectures, followed by demonstrations 
in the grounds, will be given at the New York 
Botanical Garden to children of the public 
<chools of the Bronx during April and May. 
The lectures will be given by Dr. Marshall A. 
Ilowe, Mr. George V. Nash and Dr. N. L. 
Britton. They will be repeated three times. 


Tur Civil Service Commission announces 
an examination at Washington, on May 17, 
to fill a vaeaney in the position of adminis- 
trative biologist, at $2,500 per annum, in the 
Division of Biological Survey, Department of 
Agriculture. The applicant should have had 
ample experience in scientific and adminis- 
trative affairs and be capable of critically 
examining reports submitted for publication, 
and sufficiently familiar with the United 
States and with its mammal and bird faunas 
to enable him to exercise general supervision 
over the seientifie and economic work of the 
Biological Survey, including the mapping of 
the geographic distribution of species. 


Mr. Bensamix Fercuson, a lumber mer- 
chant, has bequeathed $1,000,000 to the Art 
Institute of Chicago, the income of which is 
to be used for the erection of statues and 
monuments in the city. 


Tue New Mexico legislature has passed a 
law authorizing a geological survey of the 
state; the appropriation is $6,000, and is to be 
expended under the direction of the New 
Mexico School of Mines at Socorro. 


Mr. ANprew Carnecie has given $150,000 
for a library building at Springfield, Mass. 


Tue Astronomical Observatory built by the 
late Dr. Henry Draper at Hastings-on-Hud- 
son in 1860 and used by him for his re- 
searches until his death in 1882 was destroyed 
by fire on March 31. The telescopes and other 
instruments were removed to Harvard Uni- 
versity in 1886, where, under the direction of 
Professor E. C. Pickering, Mrs. Henry Draper 
established the Draper Memorial Fund, but 


SCIENCE. 


639 


photographie negatives and other material of 
historic interest have been destroyed. 


Tue American Physical Educational Asso- 
ciation has been meeting during the present 
week at Teachers College, Columbia Univer- 
sity. 

THe membership of the New York Academy 
of Medicine has reached the limit of one 
thousand, and now, for the first time, there is 
a waiting list. 

Tue Harpswell Laboratory of Tufts Col- 
lege, established at South Harpswell, Maine, 
in 1898, to afford opportunities for the study 
of the northern marine fauna and flora, will 
be open in 1905 from June 12 to September 9, 
the regular courses of instruction beginning 
July 3, and continuing for six weeks. In 
addition to regular courses of instruction the 
laboratory offers its facilities to a limited 
number of persons who are able to carry on 
investigation without assistance. While not 
agreeing to collect material for their re- 
searches. the laboratory will aid them in this 
respect so far as possible without interfering 
with its other work. Seven private rooms are 
available for investigators. All communica- 
tions concerning the laboratory should be ad- 
dressed to the director, Professor J. S. Kings- 
ley, Tufts College, Mass. 


THe Belgian government has recently ap- 
pointed a committee, composed of cabinet 
officers, members of parliament, financiers and 
industrial leaders, for the purpose of organ- 
izing an international congress, to be held at 
Mons in the latter part of September, 1905. 
The object of the congress is to discuss com- 
mercial economics, industrial development 
and progress, facility of communication, open- 
ing and civilizing new countries, instruction, 
statistics, customs, policy, maritime questions 
and questions concerning the civilizing effects 
of expansion and the means and power of ex- 
pansion in general. 


UNIVERSITY AND EDUCATIONAL NEWS. 


Dr. Epwixn A. ALpeRMAN was installed as 
president of the University of Virginia on 
April 13. It was announced that in addition 
to the conditional gift of $500,000 from Mr. 


640 


Carnegie, Mr. Rockefeller had given $100,000, 
Mr. Jefferson Coolidge $50,000 and alumni 
and friends $50,000 towards the endowment 
fund. 

Princeton University has definitely estab- 
lished a tutorial or preceptorial system, and 
about fifty preceptors, with the rank of assist- 
ant professor, at salaries of $2,000, will be 
appointed next year. We understand that 
none of the preceptors will be appointed in 
the natural and exact sciences, it being the 
object of the authorities to introduce the ad- 
vantages of the laboratory with personal con- 
tact between the instructor and student in the 
humanities. The plan is thus in a way a 
tribute to the scientific method, but will 
further emphasize the predominance of other 
studies at Princeton. 


In addition to the $20,000 which we have 
already noted as having been given by Mr. 
Carnegie to Lebanon Valley College, he has 
given an additional sum of $50,000 to that 
institution conditional on the raising of $50,- 
000, above insurance on the main building, 
which was destroyed by fire on Christmas Eve 
last. The funds now at hand have made it 
possible to proceed with the erection of Ladies’ 
Hall, the cornerstone of which was laid on 
April 5, the administration building and the 
dormitory for men. The Science Hall and 
central heating plant will be begun shortly. 


TuHroucu the generous good will of the 
Stevens family, the Stevens Institute has been 
enabled to secure for athletic grounds, campus 
and building purposes that part of the historic 
‘Castle Point’ estate at Hoboken most advan- 
tageous for such uses. In the near future, 
this land will be graded and properly laid out, 
if the hopes of the institute management are 
realized. A portion of this ground is now 
being excavated to serve as the site for the 
Morton Memorial Laboratory of Chemistry. 
As the name indicates, it is to be a memorial 
to Dr. Henry Morton, the late president of 
Stevens Institute. 


Sranrorp University has received a gift of 
sixty paintings from Mr. T. W. Stanford. 
The paintings are by Australian artists and 
are almost exclusively of Australian scenery. 
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A comMiITreE has been formed for the pro- 
motion of a chair of geography in the Univer- 
sity of Edinburgh, which has issued an appeal 
for support. It says: The claims of the sci- 
ence of geography as a university subject have 
long been recognized by the leading German, 
French and American universities, and in re- 
cent years the universities of Oxford and Cam- 
birdge have established schools of geography, 
but as yet there is no special teaching of geog- 
raphy in any Scottish university. The efii- 
cient teaching of geography in our schools and 
colleges is one of the most urgent needs of 
our time, affecting the political and commer- 
cial welfare of the empire, and it is believed 
that the subject can not be satisfactorily dealt 
with until our universities take it up and 
provide, in the first place, adequate training 
for teachers. Towards this end an important 
step has been taken by the senatus of the 
University of Edinburgh in approving of 
geography as a subject qualifying for gradua- 
tion in the faculties of science and arts, and 
in response to various representations, the uni- 
versity authorities have given their approval 
to the proposal for the establishment of a 
chair of geography in the University of Edin- 
burgh. 

At the recent meeting of the board of re- 
gents of the State University of Iowa, the 
following changes were made in the depart- 
ment of philosophy and psychology: Professor 
G. T. W. Patrick was granted leave of ab- 
sence; Professor C. E. Seashore was made 
head of the department; Professor Arthur 
Fairbanks, of the department of Greek, was 
asked to give the courses in ancient and 
medieval philosophy and the philosophy of 
religion; Dr. J. B. Miner was promoted from 
instructor to assistant professor of philosophy, 
and Mr. Daniel Starch was appointed assistant 
in the laboratory. 

Tue Rev. William I. Chamberlain, now in 
charge of the missionary college at Verlore, 
India, has been appointed professor of philos- 
ophy at Rutger’s College. 

Dr. R. B. Perry has been promoted to an 
assistant professorship of philosophy at Har- 
vard University. 


